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Abstract 
 
Predator reintroductions are becoming increasingly more common for multiple reasons, 
including assisting with the conservation of a predator species, the restoration of ecosystem 
functions and the economic benefits of their reintroduction for ecotourism ventures. There 
remains however, little knowledge on prey species responses to these predator 
reintroductions. As such, the reintroduction of cheetah (Acinonyx jubatus) into Samara 
Private Game Reserve provided an opportunity to investigate prey responses to predator 
reintroduction across a range of spatial and temporal scales. More specifically, the aim of this 
study was to investigate the effect of cheetah predation risk on habitat use and behavioural 
responses of the resident ungulate community. Samara is divided into “predator present” and 
“predator absent” sections, providing the opportunity to conduct a comparative study 
investigating the effect of cheetah on prey responses. It was hypothesized that different 
ungulate species would respond differently to the presence of cheetah, depending on 
differences in perceived vulnerability to cheetah predation. To address this, shifts in habitat 
use, and behavioural responses of the ungulate community reflected at landscape and patch 
scale were investigated. Overall, ungulate species have not shifted habitat use since cheetah 
reintroduction, this was possibly related to life history strategy constraints and the need for 
individuals to obtain suitable forage and therefore remain in specific habitats. While no shift 
in habitat use was observed for the majority of ungulate species, a shift in behaviour was 
observed for kudu (Tragelaphus strepsiceros) at a landscape scale, where kudu dedicated 
more time to vigilance and less time to foraging within the predator section. In addition, 
individuals within smaller kudu groups were observed to be more vigilant than individuals 
within larger groups of kudu within the predator section. Although the other three ungulate 
species monitored did not increase time spent vigilant within the predator section, they still 
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maintained relatively high levels of vigilance, potentially as a means of social monitoring. At 
a patch level, ungulate species responded strongly to a predator cue as a proxy for cheetah 
proximity, and increased time spent vigilant with a trade-off of lower foraging effort. This 
vigilant response was strongest for kudu. Differences in perceived predation risk were 
reflected within eland (Tragelaphus oryx) and kudu species demographic classes, with 
juvenile eland and kudu, adult female kudu and subadult female kudu spending more time 
vigilant within manipulated patches than respective males of each species. Kudu were also 
observed adopting fine-scale behavioural responses to minimize predation risk within 
patches. The asymmetrical prey species response to perceived predation risk from cheetah 
supports the hypothesis that different species respond differently to the presence of a 
predator. Furthermore, this study illustrated the importance of measuring prey responses to 
predation risk across multiple scales and highlighted the need to replicate this study for a 
number of different sites where predators have been reintroduced, to better understand the 
range of factors influencing these predator-prey interactions. 
Keywords: cheetah, habitat use, behavioural responses, predation risk, vigilance, patch use, 
spatial and temporal scales.  
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Chapter 1 
Introduction and Study Site 
 
1.1) Introduction 
Animals make decisions about foraging behaviour, habitat choice, and resource use based on 
how they perceive their environment (Valone & Templeton 2002). Many variables, including 
food availability, landscape features and climatic factors affect how animals utilise 
landscapes (van der Merwe & Brown 2008). One of the most important factors influencing 
the utilisation of space by animals is predation risk. Predation risk has been shown to drive 
shifts in prey species‟ landscape use (Sih 1994; Laundrè et al. 2001) and behaviour reflected 
at a species level and within species demographic classes (Owen-Smith 1993; du Toit 1995; 
Li et al. 2009; Tambling et al. 2012). There is, however, a dearth of information with regard 
to the extent that these factors influence predator-prey dynamics. In particular, the impact that 
a predator has on the behavioural responses of a prey species, which in turn impact on their 
habitat use (Sinclair 1985; Brown 1988) and at a finer scale, patch use (Shrader et al. 2008a) 
influencing resource acquisition (Brown 1999).  
An effective approach to investigate these relationships is provided through predator 
reintroductions. The reintroduction of top order predators is becoming increasingly more 
common for a number of reasons, including predator conservation, restoration of ecosystem 
functioning in reserves that were devoid of predators and the financial benefits of maintaining 
predator populations for ecotourism purposes (Hayward 2009; Hayward & Somers 2009). 
These reintroductions provide the opportunity to investigate prey species‟ responses to a 
predator across a variety of spatial and temporal scales (Hayward et al. 2007).  
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This study aims to explore how a community of ungulate species respond to the 
reintroduction of a predator in terms of their landscape use and behavioural responses at a 
species and demographic level, in order to improve our understanding of the range of factors 
that impact predator-prey interactions. 
The ability of a predator to constrain and influence the distribution of a community of prey 
species has been documented in a number of studies for a range of taxa (Sinclair 1985; Kotler 
et al. 1991; Kittle et al. 2008; Valeix et al. 2009). Sinclair (1985) showed that within the 
Serengeti-Mara region during the annual blue wildebeest (Connochaetes taurinus) migration, 
plains zebra (Equus quagga) reduced perceived predation risk from lion (Panther leo) 
through shifting habitat use and forming mixed species herds with wildebeest despite inter-
specific competition for resources between the two species. Valeix et al. (2009) investigated 
the impact that lion had on a herbivore community in Hwange National Park and showed that 
beyond direct predation risk, herbivore species shifted habitat use and adopted anti-predator 
behavioural responses to reduce perceived predation risk from lion. Kittle et al. (2008) 
monitored shifts in habitat and resource use by moose (Alces alces), white-tailed deer 
(Odocoileus virginianus) and elk (Cervus elaphus) in response to predation risk from wolves 
(Canus lupis) and showed that direct predation was an important driver of resource use. 
However, ungulates did not avoid areas of direct predation risk but rather responded to the 
indirect risk of predation through a selection of habitats that allowed a trade-off between 
minimizing predation risk and obtaining suitable forage (Kittle et al. 2008). Brown et al. 
(1988) and Kotler et al. (1991) found that in response to owls, perceived predation risk by 
desert rodents was higher in open habitats opposed to closed habitats and this resulted in 
lower foraging effort within these open habitats. Werner and Hall (1988) show that bluegill 
sunfish (Lepomis macrochirus) shift habitat use in response to predation risk from 
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largemouth bass (Micropterus salmoides), by moving away from open water into areas that 
contained vegetation for concealment.      
These predator-prey interaction studies illustrate that while the classical theory investigating 
predator-prey interactions has focused primarily on the direct effects of predation (the killing 
of an individual), there are often indirect effects which may have a profound impact on prey 
populations (Lima 1998; Tolon et al. 2009). These indirect effects result in prey species 
trying to avoid predation through behavioural responses (Fischoff et al. 2007). For example, 
behavioural adaptations such as shifts in activity patterns, group sizes and levels of vigilance 
are mechanisms used to reduce predation risk (Tolon et al. 2009). The term „ecology of fear‟, 
coined by Brown (1999), explains how the presence of a predator causes prey to make 
continual adjustments to its space use to minimize predation risk. This has been observed to 
affect ecosystem functioning through the creation of trophic cascades (Knight et al. 2005; 
Martin et al. 2010; Ripple et al. 2010). 
1.1.1) Predator preferences for different prey demographic classes 
Ginsberg and Milner-Gulland (1994) found that carnivore species exhibited strong selection 
patterns for certain prey species age and sex classes.  Berger and Gompper (1999) determined 
that for 74% of 31 mammal species, males were disproportionally killed relative to their 
overall abundance. This has been illustrated in a number of different studies, for example, 
Schaller (1972) found that approximately 55% of Thompson‟s gazelle (Gazella thompsoni) 
killed by cheetah within the Serengeti were subadults, with no obvious selection for different 
sexes. However, Fitzgibbon (1990) found that cheetah selectively hunt male Thompson‟s 
gazelle in the Serengeti. In the Kruger National Park, male impala (Aepyceros melampus) 
were selectively hunted by cheetah, this was also observed for male springbok (Antidorcas 
marsupialis) within the Kalahari (Mills 1984; Mills et al. 2004). In contrast, within Phinda 
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Resource Reserve, cheetah select juveniles over adults and particularly juveniles of larger 
ungulate species (Hunter 1998). 
The selective hunting of male ungulates in Kruger National Park (impala, Mills et al. 2004), 
Kalahari Gemsbok National Park (springbok, Mills 1984) and Serengeti (Thompson‟s 
gazelle, Fitzgibbon 1990), could occur due to a number of possible factors including the 
tendency of males to be found on the periphery of social groups, males exhibiting lower 
levels of vigilance and the fact that males often occur in small unstable bachelor herds and 
have greater nearest-neighbour distances than females. In contrast, Bissett (2004) found that 
in Kwandwe Private Game Reserve, cheetah selectively hunted female kudu over male kudu, 
possibly due to the risk associated with hunting adult males. Schaller (1972) determined that 
within the Serengeti, lion were observed killing only female Bohor reedbuck (Redunca 
redunca) within a population. These studies illustrate that within a prey population predators 
preferentially target certain demographic classes over others (Berger & Gompper 1999). This 
asymmetrical targeting of different age and gender classes within a species should reflect 
differences in behavioural responses to predation risk as different demographic classes will 
have varying levels of perceived predation risk depending on susceptibility to predation.  
1.1.2) Effects of predation on habitat and patch use 
Habitat use by a species is driven by a combination of factors including territoriality 
(Fitzgibbon 1990), foraging strategies (Rosenzweig 1991), temporal and spatial activity 
patterns (Kotler et al. 1991; Valeix et al. 2009) and the need to reduce potential predation risk 
(Lima 1990; Lima & Bednekoff 1999). The need to maximize energy gain through food 
acquisition while reducing the chances of being predated upon, are perhaps the most 
important drivers of habitat use. There exists, however, a trade-off between these components 
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reflected in an appropriate shift in habitat use and species behavioural responses to maximize 
fitness (Sinclair 1985; Lima & Dill 1990, Lima 1998).  
For example, prey species tend to avoid areas of high predator density and high predation risk 
and therefore do not utilise landscapes uniformly (Lima & Dill 1990; Sih 1994; Lima & 
Bednekoff 1999). This spatial pattern of habitat use in response to predation defines an 
animal‟s „landscape of fear‟ (Laundrè et al. 2001, 2010). For example, different areas of 
varying perceived predation risk can be viewed in terms of a landscape with areas of relative 
safety and areas with a high perceived predation risk (van der Merwe & Brown 2008). This 
subsequently has a direct impact on habitat use by animals, where animals will selectively 
forage within habitats they perceive to be relatively safe from predators (Sinclair 1985; 
Brown 1988; Kotler et al. 1991; Shrader et al. 2008a). Thaker et al. (2011) showed that prey 
species avoided predators through the selection of habitats that conferred the greatest safety 
in terms of minimizing perceived predation risk rather than avoidance of areas of predator 
activity.  
In addition to perceived predation risk driving shifts in habitat use, the indirect effects of 
predation can similarly drive shifts in patch use within habitats (Brown 1988; Brown & 
Kotler 2004, Shrader et al. 2008a). For example, many studies have illustrated the importance 
of monitoring shifts in species specific behavioural responses across a small ecological scale 
(Lima 1998). This has primarily been achieved through the use of artificial feeding patches 
(Brown 1988, Brown 1999, van der Merwe & Brown 2008, Shrader et al. 2008a) as well as 
the manipulation of natural patches with a predator cue (Belton et al. 2007; Nersesian et al. 
2012) to measure differences in perceived predation risk reflected in the adjustment of 
behavioural responses within patches. For example Kotler et al. (1991) showed that the small 
desert rodent (Gerbillus allenbyi) preferentially fed from an artificial patch that it perceived 
to be safer from a predator, than an artificial patch set only one metre away. 
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1.1.3) Behavioural responses to predation 
In response to predation risk animals will sacrifice high foraging opportunities and employ a 
range of anti-predator behavioural strategies such as increased vigilance, grouping behaviour 
and shifts in foraging strategies (Ale & Brown 2007; Hochman & Kotler 2007). Under the 
risk of predation animals are observed to increase time spent vigilant for predators, this has 
been documented for a range of mammal (Sinclair 1985; Prins & Iason 1989; Kotler et al. 
1991; Li et al. 2009) and bird (Lima 1993; Cresswell 1994) species. A negative relationship 
between vigilance and group size has been classically observed for many mammal species (Li 
et al. 2009). Grouping behaviour has been observed to effectively reduce predation risk 
(Sinclair 1985) and has been accredited to a number of factors. An increase in group size 
results in an increase in group vigilance and therefore although individual vigilance declines 
the chance of detecting a predator improves (i.e. many eyes scanning for a predator). With an 
increase in group size predation risk can also be reduced through a dilution effect (Cresswell 
1994) whereby the domain of danger around each individual is significantly decreased 
(Hamilton 1971). Additionally, grouping behaviour has been observed to reduce predation 
risk through confusion effects (Fitzgibbon 1989) and group defence (Tambling et al. 2012). 
Therefore, because individual vigilance declines, individuals can spend more time foraging 
within a group (Lima 1993). There are, however, some constraints with grouping behaviour 
(Lima & Dill 1990). For example, increased group size can drive intra-specific competition 
for limited resources (Lima & Dill 1990). Sinclair (1985) showed that the formation of mixed 
groups of wildebeest and plains zebra in response to predation risk from lion resulted in inter-
specific competition for limited resources during the dry season which in turn resulted in 
individuals increasing time spent looking for forage as a trade-off of lower vigilance. 
.  
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1.1.4) Cheetah as a predator 
This study proposes to use cheetah as a model predator to explore prey responses to the 
presence of a predator. This approach is effective, as cheetah serve as a suitable model 
species for a number of reasons. Firstly, cheetah are reasonably well studied, hence there 
exists a body of information with regard to their diet (Hayward et al. 2006; Hayward & 
Kerley 2008; Lindsey et al. 2011). Specifically, at the site for this study, a parallel study 
investigated cheetah diet (Clements 2012). Secondly, cheetah use a variety of habitats 
(Hunter 1998; Broomhall et al. 2003; Bissett 2007), but do show some avoidance of very 
dense habitats (Pettorelli et al. 2009). Although cheetah characteristically hunt in open 
grassland, they also inhabit a range of woodland, shrub and thicket habitats (Bissett, 2004; 
Mills et al. 2004). Cheetah use wooded habitats to provide cover for stalking as well as for 
concealment from other predators (Broomhall et al. 2003). In addition, Mills et al. (2004) 
found that cheetah utilised woodland and bush habitats to stalk successfully and to pursue 
their prey into open habitats where the chance of capture increases. In the Kruger National 
Park, female cheetah showed marked preference for woodland habitats as kleptoparasitism by 
lion and hyena (Crocuta crocuta) was reduced through increased concealment (Broomhall et 
al. 2003). In addition female cheetah selected woodland habitats, possibly due to a prey 
preference for impala which is an easily accessible and manageable prey type (Broomhall et 
al. 2003). This then provides a gradient of cheetah activity reflecting a gradient of predation 
risk across the landscape.  
In addition to cheetah utilising a range of different habitats (Bissett 2004), they have also 
been recorded killing a broad range of prey species, from mole rats (Cryptomys sp) to 
Thompson‟s gazelles and even wildebeest and kudu (Marker et al. 2003). In the Serengeti, 
cheetah prey on 21 different mammal species and show a preference for small to medium 
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sized antelope (10 -35 kg) (Marker et al. 2003). Hayward et al. (2006) determined that 
cheetah prefer prey animals between the sizes of 23 and 56 kg, which can be caught with 
minimal injury and energetic cost, and due to the risk of kleptoparasitism, can be consumed 
quickly. While cheetah display prey species level preferences, there exists a demographic 
level preference within prey species (Clements 2012). Cheetah have been shown to 
selectively target certain prey species, age and sex classes over others. For example, juveniles 
of most large ungulates are preferentially taken by cheetah, while adults are either avoided or 
taken relative to their availability depending on cheetah social structure. For example, 
cheetah male coalitions kill adults of large ungulate species relative to their availability on the 
landscape (Clements 2012).  
Finally, cheetah serve as an excellent model species as they have been reintroduced onto a 
number of reserves that are devoid of other large predator species (Hayward et al. 2007; 
Lindsey et al. 2011).This provides a novel opportunity to investigate prey species responses 
to a single predator. The specific site chosen for this study, Samara Private Game Reserve, 
(see Section 1.2) has reintroduced cheetah into a predator-fenced section comprising half the 
reserve, which allowed for a presence/absence approach to investigating the impacts of 
predator reintroduction on an ungulate community.      
1.2) Study Site    
In 2004, Samara Private Game Reserve (henceforth referred to as Samara) which comprises a 
28 000 hectare area, reintroduced cheetah into an eastern (predator-fenced) section of the 
reserve (van Cauter 2004). Samara (24º50´19.60´´E, 32º21´41.67´´S; Fig 1.1) is located near 
the town of Graaff Reinet situated within the eastern Karoo, South Africa (van Cauter 2004).  
Rainfall varies over the year with low rainfall in winter and peaks in autumn and spring (Fig 
1.2). Samara is located in a semi-arid region (Venter et al. 1986) and has a mean annual 
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rainfall of 336 mm a
-1
, the rainy season extends from October to March (Fig 1.2).
 
Average 
monthly day temperatures range between 3 ± 0.6°C to 22 ± 0.5°C in winter and 14 ± 0.3°C to 
32 ± 0.5°C in summer, with highest recorded temperatures observed from December to 
February (Fig 1.2).   
 
Fig 1.1. Location of Samara Private Game Reserve within South Africa (a), and the overall 
area of Samara (b). The reserve boundary is indicated by the black outline. Samara is divided 
into an eastern fenced (c) and western fenced section (d). Image from www.googleearth.com. 
 
 
b 
c 
d 
a 
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Fig 1.2. Mean daily temperatures and mean monthly rainfall measured from 2000-2011 for 
Samara Private Game Reserve and surrounding areas (Data from the Graaff Reniet Weather 
Station provided by South African Weather Services). 
 
The reserve extends from the base of the Camdeboo plains to the escarpment forming the 
Sneeuberg mountain range. The reserve contains representatives of four of South Africa‟s 
nine biomes (Mucina & Rutherford 2006), namely Nama-Karoo, Thicket, Savanna and 
Grassland (van Cauter 2004). Samara has a varied topography ranging from 700 m.a.s.l on 
the Karoo plains to 1400 m.a.s.l on the escarpment (van Cauter 2004). Within Samara, the 
distribution of different vegetation types varies across this altitudinal gradient, with 
grasslands and grassland-thicket occurring along the higher plateau (van Cauter 2004) (Fig 
1.3). Along the escarpment and valley slopes temperate thicket is present, while non-
succulent thicket is found predominantly on the lower mountain slopes (van Cauter 2004). 
Along the foot hills, a xeric thicket type exists, while the Karoo plains are characterised by 
typical Nama-Karoo species (van Cauter 2004) (Fig 1.3). The different structures of the four 
biomes found within the study site are set out below. 
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Nama Karoo is characteristically open habitat dominated by low growing shrubs intermixed 
with grasses and succulents (Mucina & Rutherford 2006). Owing to low rainfall, many 
Nama-Karoo species exhibit adaptations to dry conditions (Rutherford & Westfall 1986).  
According to Low and Rebelo (1996), thicket is characterised by dense evergreen dominant 
woody vegetation, mainly spinescent and succulent species. Thicket habitat in the Eastern 
Cape is comprised of a relatively stable plant community that offers high quality forage to a 
range of indigenous browser species (Henley 2001). Within Samara, the Thicket biome is 
predominant, covering more than 70% of the reserve. The structure of thicket can range from 
intact thicket that is typically dense and has a closed canopy to open thicket which comprises 
isolated bush clumps (Henley 2001). 
Savanna is characterised by a co-dominance of tree and grass species (Scholes 1997). In 
Samara the savanna habitat comprises a closed-tree savanna with dense strands of sweet 
thorn (Acacia karroo) interspersed with a dense grass layer. Savanna in Samara is largely 
restricted to the main drainage lines alongside the rivers. 
Grasslands within the Eastern Cape dominate high plateau and escarpment regions (Mucina 
& Rutherford 2006). Grasslands are open habitats characterised by tall and short grass species 
and are in essence devoid of tree species. Samara supports a sweet grassland habitat that is 
dominated by red grass (Themeda triandra).  
Although most habitat types in Samara are intact and relatively undisturbed by land 
transformation practices, parts of the reserve show clear signs of habitat degradation, a result 
of previous farming practices (van Cauter 2004). Past land management regimes involved 
stocking of Angora goats (Capra hircus) and Merino sheep (Ovis Aries Aries var. merino) 
(van Cauter 2004), and this has led to land transformation and degradation of the xeric 
spekboomveld and temperate thicket/sweet grassland mosaic habitats. Spekboom 
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(Portulacaria afra) which previously dominated the xeric spekboomveld is now 
intermittently distributed across the landscape in relatively low densities. Selective grazing by 
sheep and goats has also led to a transition in the temperate thicket/sweet grassland mosaic 
from short grass species to karroid shrubs (van Cauter 2004). 
 
Fig 1.3. Map showing habitats found within Samara Private Game Reserve, the solid black 
line indicates the predator fenced section that contains the cheetah population. 
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In addition to a wide diversity of habitat types Samara also supports 22 medium to large 
mammal species (Table 1.1).  
Table1.1. Extant indigenous and introduced large and medium sized mammal species found 
in Samara Private Game Reserve, extralimital species are highlighted. 
 
For the purpose of this study, I focused on the impacts of cheetah predation on the ungulate 
community in Samara. Due to their size buffalo (Syncerus caffer) and giraffe (Giraffa 
camelopardalis) were not included as study species on the basis that cheetah present little or 
no predation risk to these species (Hayward et al. 2006; Owen-Smith & Mills 2008).  
In addition to a number of indigenous mammal species, Samara also supports a number of 
extralimital species such as white rhino (Ceratotherium simum), giraffe, waterbuck (Kobus 
ellipsiprymnus) and warthog (Phacochoerus africanus) (van Cauter 2004) which are 
supported for ecotourism purposes. While leopard (Panthera pardus) are potentially present 
on the broader landscape, they have not been recorded within the reserve in the last decade 
(Pers. Com. A Feldon) and therefore cheetah are considered the only large resident carnivore 
species present within the reserve. 
Common Name Species Common Name Species
Aardvark Orycteropus afer Impala Aepyceros melampus
Aardwolf Proteles cristatus Klipspringer Oreotragus oreotragus
African wild cat Felis lybica Kudu Tragelaphus strepsiceros
Bat-eared fox Octocyon megalotis Leopard Panthera pardus
Black wildebeest Connochaetes gnou Mountain reedbuck Redunca fulvorufula
Black-backed jackal Canis mesomelas Nyala Tragelaphus angasii
Blesbok Damaliscus pygargus phillipsi Plains zebra Equus burchelli
Buffalo Syncerus caffer Porcupine Hystrix africaeaustralis
Bushpig Potamochoerus porcus Red hartebeest Alcelaphus buselaphus
Cape mountain zebra Equus zebra Rock hyrax Procavia capensis
Caracal Caracal caracal Small spotted cat Felis nigripes
Chacma baboon Papio ursinus Springbok Antidorcas marsupialis
Cheetah Acinonyx jubatus Steenbok Raphicerus campestrus
Common duiker Sylvicapra grimmia Vervet monkey Cercopithecus aethiops
Eland Tragelaphus oryx Warthog Phacochoerus africanus
Gemsbok Oryx gazella Waterbuck Kobus ellipsiprymnus
Giraffe Giraffa camelopardalis White rhinoceros Ceratotherium simum
Honey badger Mellivora capensis
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Van Cauter (2004) estimated ungulate distributions across all habitat types within Samara. 
For kudu, densities were highest within the temperate thicket, valley thicket and spekboom 
thicket habitats (Fig. 1.3). Steenbok (Raphicerus campestris) density was highest within the 
xeric spekboomveld, pentziaveld and temperate thicket. The density of common duiker 
(Sylvicapra grimmia) was highest within the temperate thicket, valley thicket and spekboom 
thicket (Fig 1.3). The density of springbok was highest in the pentziaveld. Mountain reedbuck 
(Redunca fulvorufula) densities were highest in the temperate thicket and the temperate 
thicket/sweet grassland mosaic. Klipspringer (Oreotragus oreotragus) densities were 
estimated to be highest within the temperate thicket habitat (Fig 1.3). 
Table 1.2. Adjusted aerial game census data (2010) for both western and eastern sections 
within Samara Private Game Reserve (Samara unpublished data). A visibility correction 
factor was applied (Owen-Smith and Mills 2008). 
 
The results from the latest game census (Table 1.2) show that the majority of species have 
higher densities within the eastern section of the reserve. However, kudu and reedbuck show 
higher numbers within the western fenced section.  
Species
Western Eastern
blesbok 53 52
common duiker 10 5
eland 24 341
gemsbok 178 379
giraffe ― 23
hartebeest 126 215
impala 2 8
kudu 1346 562
klipspringer 32 6
reedbuck 198 99
springbok 48 140
steenbok 6 10
waterbuck 3 28
warthog ― 15
black wildebeest 50 248
plains zebra 88 167
Fenced Section
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1.3) Aims and Rationale 
Although studies have shown that ungulate distributions across landscapes can be driven by a 
single dominant predator (Creel et al. 2005; Valeix et al. 2009), we have a limited 
understanding of the range of factors influencing these predator-prey interactions. Therefore, 
the reintroduction of a predator into a system provides the opportunity to test predator-prey 
theory. Particularly, how predation risk drives prey species‟ behavioural responses, habitat 
use and at a finer scale patch use. The aim of my study is to investigate the effect that cheetah 
have on the behavioural responses and landscape use of the resident ungulate prey 
community reflecting a shift in habitat and patch use. It is hypothesized that different 
ungulate species will respond differently to the presence of a predator based on different 
levels of perceived susceptibility to predation.  
In accordance with this, key questions relating to changes in landscape use and shifts in 
ungulate behavioural responses are;  
1) Do kudu and other ungulate prey species utilise the same habitats within the eastern fenced 
(contain cheetah) and western fenced (no cheetah) sections of the reserve?  
2) How does perceived predation risk by the ungulate prey community change in the presence 
of cheetah?  
3) How does the manipulation of natural patches through the addition of a predator cue affect 
the „landscape of fear‟ of kudu and other potential prey species and are their different 
demographic responses to the predator cue?  
Based on the existing distribution data (van Cauter 2004), I predicted that; 
(1) Ungulate species would selectively forage in habitats that they perceive to be safer from 
cheetah predation (i.e. dense habitat types). 
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(2) Ungulates would have a lower perceived predation risk in the western fenced section 
compared to the eastern fenced section containing the cheetah population. 
(3) The addition of a predator cue (indicating proximity) to natural patches would increase 
perceived predation risk for some ungulate species and alter the activity patterns and 
behavioural responses of the prey community. In addition, different age and sex classes 
within a species will display differences in perceived predation risk depending on how 
vulnerable they are to cheetah predation. 
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Chapter 2 
Habitat use by ungulates within Samara 
 
2.1) Introduction 
Spatial patterns of habitat use by animals are driven primarily by the distribution of resources 
and the abundance and distribution of predators on the landscape (Thaker et al. 2011). These 
factors have different magnitudes of effect on space use by prey species, as resource 
distribution is relatively stable across time and space, while predation risk varies across 
landscapes (Sih 1982, 2005). Therefore although the availability of resources to prey species 
is relatively constant over short time scales, the risk of predation requires constant adjustment 
of space use (Thaker et al. 2011).  
Prey species respond to predation risk at a landscape level through behavioural adjustments, 
which in turn, influence activity patterns and habitat use (Thaker et al. 2011). However, the 
degree of effect that predation has, also depends on the structural complexity of the 
environment which influences predator-prey encounter rates and the effectiveness of anti-
predator defence behaviours (Thaker et al. 2011, Hillborn et al. 2012). For example, Kotler et 
al. (1991) investigated how different habitat structures impacted on rates of predation by owls 
on two gerbil species. It was determined that in response to owl predation risk, gerbils 
strongly selected habitat types that conferred a spatial refuge from predation, this in turn 
resulted in inter-specific competition between gerbil species for resources leading to habitat 
partitioning (Kotler et al. 1991). Another study by Kotler et al. (2001) on the impact that 
introduced owls had on three gerbil species determined that in response to predation risk from 
owls, gerbils selected denser habitat types and foraging patches that presented the lowest 
perceived predation risk.  
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With a global increase in the number of predator reintroductions (Hayward 2009), a number 
of opportunities are provided to investigate how predator reintroduction has driven shifts in 
habitat use by prey species (Ripple & Larson 2000; Ripple & Beschta 2003; Hayward et al. 
2007). For example, Tambling et al. (2012) found that lion reintroduction into Addo Elephant 
National Park resulted in a shift in buffalo habitat use as they then favoured open grasslands 
as a means of reducing predation risk through improved predator detection. Thaker et al. 
(2011) found that kudu, in response to predation risk from cheetah and wild dog (Lycaon 
pictus), shifted habitat use selecting for lower risk habitats where the chance of encountering 
these predators was reduced. 
These studies illustrate that predators drive shifts in habitat use by prey species (Creel et al. 
2005; Valeix et al. 2009) and therefore, the reintroduction of cheetah into a predator fenced 
section (eastern) of Samara in 2004 provides the opportunity to test whether the ungulate 
community has shifted habitat use in response to predation risk from cheetah. On Samara, 
van Cauter (2004) showed that in the absence of large predators the ungulate community 
maintained a clear pattern of habitat selection. Subsequently, predator reintroduction should 
result in asymmetrical shifts in habitat use by ungulate species on the premise that life history 
strategies and hence vulnerability to predation differ among the ungulate community, and 
therefore certain species will seek to avoid detection by a predator and utilise dense thicket 
habitats (i.e. kudu), while others rely on speed and early detection of predators to avoid 
predation and therefore select open habitat types (i.e. springbok) (Henley 2001).    
The aim of this chapter therefore is to determine the impact that cheetah have on the relative 
distribution and abundance at the scale of the habitat of the resident ungulate community 
since their reintroduction. This was assessed by comparing habitat use by ungulates species 
before and after the reintroduction of cheetah on the landscape, using data collected prior to 
cheetah reintroduction (van Cauter 2004) and current patterns of habitat use. It was predicted 
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that a shift in the distribution of ungulates species would occur within the eastern fenced 
(predator) section of samara as different ungulate species respond to perceived predation risk 
from cheetah through shifts in habitat use. Additionally, it was predicted that within the 
western fenced section no shift in habitat use by ungulate species would be observed between 
2003 and 2011, as no predators have been introduced into this section of the reserve. 
2.2) Methods 
Samara is divided into eastern predator-fenced and western boundary-fenced areas roughly 
equal in area, which are managed independently owing to the different wildlife communities 
supported in each (van Cauter 2004), and thus were treated as independent sites and sampled 
separately. The eastern predator-fenced section supports a population of cheetah and this 
served as the cheetah present treatment with the western section serving as the predator 
absent treatment. Habitat use by ungulates was assessed using herbivore spatial distribution 
data collected prior to cheetah reintroduction by van Cauter (2004) and compared to data 
collected in 2011 using the same transects to measure post-predator ungulate community 
habitat use in the predator present and predator absent sections. For this study, graphical 
positioning system (GPS) co-ordinates used by van Cauter (2004) were used to locate 
transects within each habitat type. The driven strip transect spotlight count method (adapted 
from van Cauter 2004) was used to collect ungulate abundance and distribution data.  
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Table 2.1. Ungulate species observed within the strip driven transects during the distribution 
data collection for the eastern and western fenced sections of Samara Private Game Reserve 
in 2003 and 2011. 
 
 
 A total of 94 and 49 transects of 500 m length were sampled within the western and eastern 
sections, respectively (van Cauter, 2004) (Table 2.2). The number of transects in each habitat 
was based on the area and diversity of each habitat, with larger, more heterogeneous habitats 
sampled more intensively (van Cauter 2004). Transects were sampled in 2003 (van Cauter 
2004) and 2011, with multiple transects within habitat types serving as replicates (Table 2.2).  
Subsequent to van Cauter‟s study in 2003, the eastern section has increased in size to 
incorporate 16 of the transects previously sampled within the western fenced area. These 
transects were now sampled as part of the eastern fenced section (Fig 2.1). 
Data were collected during the summer season for both 2003 and 2011. van Cauter‟s (2004) 
data were collected in February 2003, while the 2011 data were collected from September 
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2011 to October 2011. Sampling along each transect was conducted at dusk (18:30) and pre-
dawn (5:00) with the use of an open 4X4 vehicle being driven along each transect at an 
approximate speed of 10 km/h (van Cauter 2004). A million candle power spot-light was 
used to locate animals. Following van Cauter‟s (2004) method, two observers searched for 
and identified animals, while a third observer recorded all sightings. For each ungulate 
sighting, the total number of individuals and the habitat in which they occur was recorded. 
Sampling occurred when animals are most active and increasingly visible due to the light 
reflecting from their eyes using a spot-light (van Cauter 2004).    
Van Cauter‟s (2004) categorization of transects was used for this study, whereby transects 
were divided into dense, intermediate and open vegetation depending on the distance away 
from the vehicle that animals could be observed with the spot-light:  
1. Dense transects are categorized as surrounded by thick bush, almost impenetrable thicket 
where vegetation significantly reduces visibility (van Cauter 2004). These included the 
doringveld and spekboom thicket habitat types. 
2. Intermediate transects are surrounded by some clumps of bush that restrict visibility to a 
certain extent (van Cauter 2004). These included the valley thicket, temperate thicket/ sweet 
grassland mosaic and xeric spekboomveld habitat types. 
3. Open transects are surrounded by low growing vegetation that does not obstruct visibility 
and allows observers to see as far as the spot-light permits (van Cauter 2004). These included 
the pentziaveld and sweet grassland habitat types. 
The pooling of habitat types into three visibility classes reflects the focus of this study, as it is 
expected that perceived predation risk by ungulate species will reflect differences in visibility 
within habitats (Kie 1999) rather than the plant community structure.  
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Following van Cauter‟s (2004) method, I sampled twenty-two transects (6 dense, 12 
intermediate and 4 open) to determine average visibility distances and categorize vegetation 
density. To determine the visibility distances of transects, a person with a tape measure 
walked perpendicularly from the road into the bush and continued to walk until the observer 
with the spot-light could no longer locate them (adapted from van Cauter 2004). The observer 
searched for the person from within a vehicle length plus 10 m on each side to simulate the 
movement of the vehicle during the driven strip transects (van Cauter 2004).  
The mean visibility distances (± SD) calculated for the three vegetation categories were 380 ± 
90 m for open, 162 ± 75 m  for intermediate and 35 ± 5 m for dense transects, respectively. 
From these calculations, a measure of the area sampled (ha) in each transect was estimated 
(500 m x mean visibility distance). For each transect ungulates counted and the area sampled 
were used to estimate relative ungulate densities (corrected total number of animals per ha). 
In line with van Cauter‟s (2004) study, due to the inaccessibility and small size of the 
Bosberg thicket and Suurpol temperate grassland habitats, data were not collected from these 
areas (Fig 2.1). In addition, mountain reedbuck and klipspringer were not observed during 
sampling and were therefore not included in the analyses. 
Table 2.2. Total number of transects sampled for dense, intermediate and open habitat types 
including the number of ungulate species observed in each for 2003 and 2011 count data. 
 
Habitat types
Eastern Section Number of transects
2003 2011
Dense 15 4 2
Intermediate 24 9 8
Open 10 4 6
Western Section
Dense 12 2 2
Intermediate 72 4 6
Open 10 1 4
Number of species recorded
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Fig 2.1. Location of transects (each 500 m) used for ungulate abundance and distribution 
sampling within the eastern and western fenced sections of Samara Private Game Reserve. 
Purple line represents the game fence in 2003, while the black line indicates the current 
predator fenced section. 
 
2.3) Statistical Analysis 
2.3.1) Overall habitat use 
Habitat specific ungulate abundances (total number of individuals) were compared using a 
chi-squared statistical analysis for contingency tables (Zar 1984). The relative abundance of 
ungulates across different habitat types (dense, intermediate and open) were compared using 
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van Cauter‟s (2004) data collected in 2003 as the expected values and data collected in 2011 
as the observed values. To determine if significant differences in habitat use by different 
ungulate species has occurred since cheetah reintroduction, three comparisons were run: 
1: Habitat specific ungulate densities for the eastern fenced section 2003 and 2011,  
2: Habitat specific ungulate densities for the western fenced section 2003 and 2011, 
3: Habitat specific ungulate densities between eastern and western fenced sections in 2011. 
The chi-squared analysis for contingency tables tests whether the observed distribution of 
individuals within a habitat is equal to the predicted (expected) distribution. For this analysis, 
the 2003 count data (van Cauter 2004) represents the expected distribution for data sets 1 and 
2 and the 2011 western section count data for data set 3 . In accordance with this, the null 
hypothesis states that the observed distribution is equal to the predicted distribution and based 
on this, the pattern of habitat use by the ungulate community will have remained unchanged 
following cheetah reintroduction. Therefore, this statistical analysis was used to test whether 
observed ungulate abundances significantly differed from expected ungulate abundance 
within the different habitat types (see Table 2.2).  
2.3.2) Corrected utilisation-availability index 
The chi-square analysis provides a single value indicating whether or not there exists a 
significant difference in the relative distribution of a species within habitats. It does not 
however, indicate how ungulate distributions differ across habitat types. To address this a 
corrected utilization-availability index was used (Neu et al. 1974). This method assesses 
whether a habitat type is preferred or avoided based on the proportion of a species population 
found within a habitat relative to the habitats‟ proportional availability (Neu et al. 1974). 
Following the rejection of the null hypothesis in a chi-squared analysis indicating, a 
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significant difference in observed and expected distributions, the utilization-availability index 
uses a Bonferroni z statistic to determine which ungulate species or habitat type creates 
statistical significance within a chi-square statistic (Neu et al. 1974). The corrected use values 
were calculated by subtracting the proportion of animals in each habitat type from the 
proportion of available habitat type (Sinclair 1985; Wentworth et al. 2011).  To determine 
whether habitat types were preferred or avoided by different ungulate species, the 95% 
confidence intervals surrounding the corrected use values were calculated (Neu et al. 1974), 
and these ranges were compared between observed and expected distributions for the 3 
comparisons run. The overlap of the confidence intervals provides a measure of significance 
testing to determine selection or avoidance of habitat types (Tambling 2010). Therefore, if no 
overlap exists between the 95% confidence intervals the habitat type is significantly preferred 
or avoided by an ungulate species (Landman et al. 2008; Tambling 2010). Due to the nature 
of the data, with ungulate species often not observed in a particular habitat type, the data were 
standardized to enable the calculation of confidence intervals to demonstrate ungulate 
selection or avoidance within all habitats and therefore a value of one was added to all values 
used in the analysis (Maunder & Punt 2004). As the procedure was consistent for all variables 
it did not influence the overall results but allowed for a comparison of preferred and avoided 
habitat use by ungulate species in areas with no or little ungulate species occurrence.  
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2.4) Results 
2.4.1) Overall habitat use 
After standardizing for population size, the relative densities of ungulate species within 
habitat types has shifted in both the eastern (χ20.05,2 = 87.60, p < 0.05) and western (χ
2
0.05,2 = 
2440.58, p < 0.05) fenced sections since van Cauter‟s (2004) study in 2003. Additionally, 
differences between relative ungulate species densities within habitats were found between 
eastern and western fenced sections for 2011(χ20.05,2 = 2123.76, p < 0.05).  
2.4.2) Corrected utilisation-availability index 
Within the eastern section, habitat use by 10 ungulate species was compared between 2003 
and 2011 (Table 2.1). Within the western section, only kudu, common duiker, steenbok and 
red hartebeest (Alcelaphus buselaphus) were observed in both 2003 and 2011 and therefore, 
only these four species‟ habitat use was compared between 2003 and 2011 (Table 2.1). 
Western fenced section: 2003 versus 2011 
Habitat utilisation relative to habitat availability was compared for four ungulate species 
between 2003 and 2011 for the western fenced (predator-free) section, namely, kudu, 
common duiker, steenbok and red hartebeest. In 2003 kudu showed a preference for 
intermediate density habitats (90% of observed kudu), however by 2011 kudu shifted habitat 
use towards dense vegetation (42% of observations), avoiding intermediate density habitat 
types (Fig 2.2 a). Kudu avoided open habitats in both 2003 and 2011 (Fig 2.2 a). Common 
duiker and steenbok showed clear differences in habitat preference, with common duiker 
avoiding the intermediate habitats and showing a preference for dense habitats types in 2003 
and 2011 (Fig 2.2 b). Steenbok, however, showed a preference for intermediate habitats (94.1 
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and 92.8% of observations in 2003 and 2011, respectively; Fig 2.2 c). Both common duiker 
and steenbok avoided open habitats in 2003 and 2011 (Fig 2.2 b,c). Red hartebeest have 
shifted habitat use since 2003, avoiding intermediate habitats and selecting open habitats, 
with a shift from 4 to 17% of observed red hartebeest found in open habitats between 2003 
and 2011 (Fig 2.2 d).  
Eastern fenced section: 2003 versus 2011 
For the eastern fenced (predator present) section of Samara, the habitat use relative to habitat 
avaliability was compared for 10 ungulate species between 2003 and 2011. These included, 
kudu, steenbok, common duiker, springbok, red hartebeest, black wildebeest (Connochaetes 
gnou), blesbok (Damaliscus pygarsus phillipsi), plains zebra, eland and gemsbok (Oryx 
gazella). Kudu exhibited similar patterns of habitat use in 2003 and 2011 (Fig 2.3 a), showing 
a strong preference for dense habitats, with 53.4 and 54.7% of observed kudu utilising this 
habitat in 2003 and 2011, respectively. Kudu avoided open habitats in both 2003 and 2011 
(Fig 2.3 a). Additionally kudu utilised intermediate habitats relative to their overall 
availibility on the landscape with no obeserved differences between 2003 and 2011. (Fig 2.3 
a).  
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Fig.2.2. Corrected (proportion occurrence-proportion habitat available) pattern of habitat use by a) kudu, b) common duiker, c) steenbok and d) 
red hartebeest indicating habitats significantly avoided (*
a
), preferred (*
p
) or utilised relative to availability (ns), comparing the western section in 
2003 and 2011. Bars represent 95 % confidence intervals.   
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Steenbok and common duiker have maintained similar patterns of habitat use since 2003, 
selecting for dense habitat types (25.4 anad 32% of observations) and avoiding open habitats 
(Fig 2.3 b,c). This pattern has not changed since cheetah reintroduction with the exception 
that common duiker showed a preference for intermediate habitat in 2003 but utilised this 
habitat type according to its avaliability in 2011. Similarily, springbok have maintained 
similar patterns of habitat use since 2003 (Fig 2.3 d) showing a strong preference for 
intermediate habitats with 87 and 83% of observed springbok occuring in this habitat type in 
2003 and 2011, respectively. 
Red hartebeest have shifted habitat use since 2003 moving from open habitat to intermediate 
habitat types, this is contradictory to observations within the western section where red 
hartebeest select for open habitats over intermediate ones (Fig 2.2 d; 2.3 e). Blesbok, black 
wildebeest and plains zebra have not shifted habitat use since 2003 and maintain clear 
patterns of habitat selection and avoidance (Fig 2.3 f,g,h,). Eland in both 2003 and 2011 show 
a strong preference for intermediate habitat types, with 35 and 28% of eland found within this 
habitat type in 2003 and 2011, respectively (Fig 2.3 i). In comparison, gemsbok have shifted 
habitat use since 2003, utilising habitats relative to their overall avaliability for both dense 
and open habitats types while showing an avoidance of intermediate habitat. In contrast, 
gemsbok in 2003 showed a marked preference for dense habitats (50% of observations) and 
avoided open habitat (Fig 2.3 j). 
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Fig 2.3. Corrected (proportion occurrence-proportion habitat available) pattern of habitat use by a) kudu, b) steenbok, c) common duiker 
and d) springbok indicating habitats significantly avoided (*
a
), preferred (*
p
) or utilised relative to availability (ns), comparing the eastern 
section in 2003 and 2011. Bars represent 95 % confidence intervals.   
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Fig 2.3 Cont. Corrected (proportion occurrence-proportion habitat available) pattern of habitat use by e) red hartebeest, f) blesbok, g) black 
wildebeest and h) plains zebra indicating habitats significantly avoided (*
a
), preferred (*
p
) or utilised relative to availability (ns), comparing the 
eastern section in 2003 and 2011. Bars represent 95 % confidence intervals.   
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Fig 2.3 Cont. Corrected (proportion occurrence-proportion habitat available) pattern of habitat use by i) eland and j) gemsbok 
indicating habitats significantly avoided (*
a
), preferred (*
p
) or utilised relative to availability (ns), comparing the eastern 
section in 2003 and 2011. Bars represent 95 % confidence intervals.   
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Eastern fenced versus Western fenced sections 2011 
The proportion of ungulate species within habitats relative to the proportion of avaliable 
habitat was compared between the eastern (predator present) and western (predator absent) 
sections for 2011 to determine if a shift in habitat use has occured in the presence of cheetah.  
Within both sections of Samara, kudu do not utilise habitats based on their overall 
avaliability, instead show a preference for dense habitat with 54.4 and 35.9% of observed 
kudu found within this habitat for the eastern and western sections, respectively (Fig 2.4 a). 
Kudu in both the eastern and western sections avoided intermediate and open habitats, 
however, kudu within the eastern section show a stronger avoidance of open habitats than 
conspecifics within the western section (Fig 2.4 a).  
Steenbok within the eastern section showed a preference for dense habitat (25.3% of 
observations) and avoided open habitat (2.4 b). However, steenbok in the western section 
utilised dense habitat relative to its avaliabilty (2.4 b).  
Similarily, common duiker selected for dense habitats (25.4 and 27.4% of observations  
respectively) across both eastern and western sections, avoiding open habitats. In the 
presence of cheetah, common duiker showed a stronger avoidance of open habitat and shifted 
from avoiding intermediate habitats to using them in relation to avaliability (Fig 2.4 c). Kudu, 
steenbok and common duiker while avoiding open habitat in both sections show a stronger 
avoidance within the eastern section than the western section (Fig 2.4 a,b,c).    
Red hartebeest shifted habitat use in the presence of cheetah, shifting to avoiding open 
habitats and selecting for intermediate habitat types (87% of observations; Fig 2.4 d). Within 
the western section, red hartebeest display the opposite pattern of habitat use selecting for 
open habitats (Fig 2.4 d). 
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Overall blesbok and black wildebeest maintained similar patterns of habitat use between the 
two sections, showing a preference for open habitats in both the eastern (84.4 and 71.1% of 
observations) and western (41.3 and 19.1% of observations) sections respectively, while 
strongly avoiding intermediate habitats (Fig 2.4 e,f).   
Plains zebra exhibited a clear preference and avoidance pattern across habitats selecting for 
intermediate habitats and strongly avoiding open habitats within the eastern section. In the 
western section, plains zebra utilised all habitat types relative to their overall avaliability (Fig 
2.4 g). Within the eastern section eland showed a preference for dense and intermediate 
habitats, with 15.2  and 76.2% of eland observed within these habitat types, respectively (Fig 
2.4h). In contrast within the western section eland utilise these habitats relative to their 
proportion avaliability.  
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2.5) Discussion 
This study aimed to determine if the habitat use patterns of ungulate species shifted in the 
presence of cheetah using a corrected habitat use index. This technique has been effective in 
determining species-specific habitat avoidance/preference patterns comparing between 
predator-free and predator present sections as well as prior to and post cheetah reintroduction. 
As a note of caution, it should be taken into consideration that habitat use indices can 
overestimate habitat avoidance and preference when small sample sizes are used and 
therefore the use of 95% confidence intervals around the proportion occurrence within habitat 
types reflects a conservative approach to the interpretation of these results (Landman et al. 
2008).   
The results from this study show that overall ungulate species densities in 2011 are lower 
than those recorded in 2003 for both the eastern and western fenced sections of Samara. 
Additionally, ungulate species densities were also significantly lower within the western 
section compared to the eastern section for 2011. These differences in ungulate species 
densities reflected high off take of wildlife for sale. It was predicted that a shift in habitat use 
by ungulate species would occur within the eastern section of Samara following the 
reintroduction of cheetah, and while this has been observed for certain species, it does not 
apply for the entire ungulate community.  
Kudu for example, constituted 63% of recorded cheetah kills within the eastern section of 
Samara between 2010 and 2012 (Clements 2012), and have been recorded to be selectively 
hunted within thicket habitats in nearby Kwandwe Private Game Reserve (Bissett 2004). 
However, despite this, no observed shift in habitat use has occurred since cheetah 
reintroduction, with kudu still exhibiting a strong preference for dense habitat types. Possible 
explanations for this observation may include the fact that over short time scales animals are 
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limited by their life history strategies (Henley 2001). For example, many anti-predator 
defence behaviours are directly linked to habitat structure (Kotler et al. 1991; Lima 1998; 
Henley 2001). Kudu which form small social groups rely on crypsis to avoid detection and 
are therefore associated with dense vegetation which aids in concealment from a predator. 
They are therefore constrained in their ability to move from dense habitat to open habitat 
types (Jarman 1974; Henley 2001; Owen-Smith 2008). Additionally, both common duiker 
and steenbok exhibited a similar pattern of habitat use between 2003 and 2011, and similarly 
to kudu, employ anti-predator behaviours associated with dense habitat such as crypsis as 
well as a solitary lifestyle (Jarman 1974; Henley 2001; Skinner & Chimimba 2005).  
In contrast, springbok employed a different set of anti-predator defence mechanisms. For 
example in 2003 and 2011, springbok utilised intermediate habitats with limited cover and 
therefore rely on early predator detection through increased visibility distances (Mills 1984; 
Reid 2005) as well as the formation of large groups of conspecifics which reduces the domain 
of danger around individuals (Teherne & Foster 1982; Dehn 1990) and increases the dilution 
effect (Cresswell 1994), thereby reducing individual predation risk.  
These results indicate that subsequent to cheetah reintroduction, the predicted shift in habitat 
use by the ungulate community has not been observed; instead the maintenance of current 
habitat use patterns by ungulate species may reflect their evolutionary life history strategies 
(Henley 2001). Coupled with this, constraints associated with small fenced reserves may limit 
ungulate species movement patterns and prevent ungulates from shifting space use to areas 
less frequented by cheetah (Tolon et al. 2009). An alternative explanation relates to cheetah 
movement patterns within the reserve. If cheetah are using all habitats uniformly within the 
reserve, the current habitat use pattern may reflect lower perceived predation risk within these 
habitats, whereby prey species reduce predation risk through alternative anti-predator 
behaviours driven by life history traits such as kudu remaining hidden and using crypis within 
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dense habitats to avoid detection by a predator. In order to corroborate this, a study 
investigating habitat use by cheetah in Samara needs to be undertaken to develop a better 
prediction of the drivers of habitat use by ungulate species, particularly to assess the risk of 
predation in any given habitat.  Additionally, the use of giving up densities (GUDs) would 
provide a quantifiable method of measuring ungulate species‟ perceived predation risk within 
habitats through the use of feeding trays or less invasively by measuring stem diameters at 
point of browse as was illustrated by Tadesse and Kotler (inpress) for mountain nyala 
(Tragelaphus buxtoni).  
Although the majority of ungulate species maintained similar patterns of habitat use reflected 
in the avoidance and preference of certain habitat types, there is however the existence  of 
varying levels of avoidance and preference within habitats. This was particularly evident 
when comparing ungulate habitat use across the eastern and western sections of Samara in 
2011. Kudu within the eastern section displayed a significantly stronger preference for dense 
habitat than conspecifics living in the western section. Moreover, kudu in the eastern section 
exhibited a higher level of avoidance of open habitats than kudu in the western section. 
Therefore it is likely that kudu perceive a lower risk of predation within dense habitat and a 
heightened perceived predation risk within open habitats in the predator section and this 
pertains to their predator avoidance strategy by remaining hidden within dense habitats to 
avoid predator detection (Gotceitas & Colgan 1990; Henley 2001). Likewise, common duiker 
and steenbok maintain a strong avoidance of open habitats and utilise dense habitats as a 
possible means of reducing predation risk by foraging in habitats that confer the greatest 
advantage in terms of maximising individual fitness while reducing predation risk from 
cheetah (Lima 1998; Brown 1999; van der Merwe & Brown 2008; Shrader et al. 2008b).  
Ungulate species that did exhibit a shift in habitat use between 2003 and 2011 for the eastern 
fenced section were red hartebeest and gemsbok. Additionally, across sections in 2011, plains 
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zebra, red hartebeest and eland all shifted habitat use following the reintroduction of cheetah, 
moving away from open habitats and showing a strong preference for intermediate habitat 
types. The processes driving these observed shifts in habitat use by these species may be 
several-fold and although it has been observed that animal distributions across a landscape 
are often driven by local perceived predation risk (Shrader et al. 2008a ; Tolon et al. 2009; 
Valeix et al. 2009; Thaker et al. 2010), there remains evidence that a combination of 
community-level responses such as inter/intra-specific competition, autecological factors, 
resource distribution and predation risk drive habitat use by animals (Sinclair 1985). As large 
ungulate species are generally avoided as potential prey by cheetah (Hayward et al. 2006), 
the observed shift in habitat use by large ungulate species such as eland are possibly driven 
by a combination of these factors.  
Predation risk and competition are the primary drivers of ungulate community distributions 
within a predator-prey system as has been shown in the Serengeti (Sinclair 1985, 1995; Mills 
1992; Sinclair et al. 1998 Sinclair et al. 2003). The results from this chapter indicate that the 
majority of ungulate species have not responded to predation risk from cheetah through shifts 
in habitat use. However, although the majority of ungulate species have maintained similar 
habitat use patterns since cheetah reintroduction, ungulate species may respond to perceived 
predation risk from cheetah through shifting behavioural responses within habitats (Durant 
2000), thereby, responding at a different scale than that of habitat use. 
These behavioural adaptations to predation risk are potentially expressed within the different 
levels of habitat preference and avoidance indicating varying levels of perceived predation 
risk within certain habitats, and this calls into question the scale at which we measure 
behavioural responses of prey species in response to predator reintroductions (Boyce 2006). 
A number of studies have illustrated the need for a multifaceted approach to determining the 
driving factors influencing species distributions across landscapes (Boyce 2006; Tambling 
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2010). Broad scale investigations on prey species behavioural responses often miss fine scale 
temporal and spatial adjustments to predation risk (Tambling 2010). In particular, the impact 
that predator reintroduction has on the fine scale variations in anti-predator behavioural 
responses of a suite of potential prey species co-existing within a small reserve (Tambling 
2010). This has become increasingly apparent with the emergence of small fenced reserves in 
South Africa, where prey species are unable to avoid predation pressure by shifting space use 
and instead employ finer scale behavioural responses to minimize predation risk (Hayward et 
al. 2006; Bothma et al. 2008; Hayward & Somers 2009). Therefore, habitat scale shifts may 
represent too broad a resolution to accurately determine how prey species minimize perceived 
predation risk in response to cheetah reintroduction. Furthermore, kudu and other ungulate 
species may respond to perceived predation risk from cheetah through fine scale shifts in 
behavioural responses and patch use. Therefore while predation risk is thought to be one of 
the major determinants of space use, this is not necessarily reflected at a habitat level within 
the eastern section of Samara. 
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Chapter 3 
Landscape scale behavioural responses of ungulates to 
cheetah predation 
 
3.1) Introduction 
The reintroduction of a predator into a system potentially results in a shift in the behavioural 
responses of prey species, manifesting in a range of anti-predator defence mechanisms 
(Tambling et al. 2012). These adaptations to predation risk allow prey and predators to co-
exist through a spatial and temporal differentiation of landscape use and perceived predation 
risk (Laundrè et al. 2001, 2010; Tambling et al. 2012). For example, in response to perceived 
predation risk, behaviourally-mediated selective pressure results in a shift in behaviour by 
ungulates. Examples of these are the increased investment in vigilance (Durant 2000), 
increased group sizes (Fitzgibbon 1993), reduced foraging efficiency (Bøving & Post 1997) 
and shifts in feeding height (du Toit 1990). 
Levels of vigilance within groups of conspecifics can vary in magnitude depending on sex, 
group size and perceived predation risk (Li et al. 2009). Increases in group size have been 
observed to effectively reduce predation risk by increasing dilution effects (Powell 1974; 
Fitzgibbon 1993; Roberts 1996; Tambling et al. 2012), thereby reducing the overall domain 
of danger around each individual (Teherne & Foster 1982; Dehn 1990; Cresswell 1994; 
Beauchamp 2008). Grouping behaviour increases group vigilance with many individuals 
scanning for potential predators (Fitzgibbon & Fanshawe 1989). For example, Fitzgibbon 
(1993) found that larger groups of Thompson‟s gazelles were able to detect approaching 
cheetah before smaller groups. Shorrocks & Cokayne (2005) found that male impala are more 
vigilant than females due to the fact that they have to spend more time searching for mates 
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and watching rival males, whereas, Childress and Lung (2003) found that in rocky mountain 
elk females with calves were the most vigilant due to the vulnerability of calves to predation.  
According to Fitzgibbon (1993), large group size is particularly advantageous in avoiding 
predation by cheetah, which as a stalking predator, needs to get to at least 30 m from a prey 
individual before it initiates a chase. Fitzgibbon (1990) observed cheetah selectively hunting 
individuals situated on the edge of groups (Terherne & Foster 1982; Cresswell 1994). 
Therefore, because small groups have higher edge area ratios a larger proportion of 
individuals around the edge of the herd are susceptible to predation (Fitzgibbon 1993).  
Fitzgibbon (1993) recorded varying levels of vigilance within different sized groups of 
Thompson‟s gazelle. These differences in vigilance were attributed to the susceptibility to 
predation perceived by each individual (Fitzgibbon 1993). This was reflected by higher levels 
of vigilance in smaller groups, increased vigilance in taller vegetation due to potential 
ambushes by cheetah, and higher vigilance rates recorded in individuals on the edge of 
groups. In addition, females with young or pregnant females exhibited higher levels of 
individual vigilance due to the vulnerability of offspring to predation (Fitzgibbon 1993).  
Although grouping effectively reduces the risk of predation (Fitzgibbon 1989), there are 
constraints that may manifest with different morphologies, physiology or life stages for 
certain species (Fitzgibbon 1993). An example of this is the occurrence of individuals which 
exist singularly or in small unstable social groups (i.e. steenbok and common duiker) 
(Bradley 1977). The occurrence of non-gregarious species could arise from a number of 
individual factors such as the need for males to defend territories, females to remain near 
hidden young (Estes 1991), as well as the intra-specific competitive disadvantages of group 
living (Bradley 1977). Gregarious living occurs commonly in more open habitats than in 
dense bush (Jarman 1974), this may occur due to shifts in the distribution of food resources 
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as well as a loss of contact due to a reduction in the line of sight between conspecifics within 
dense vegetation (LaGory 1986). In addition to single species forming groups of conspecifics, 
the occurrence of multi-species specific groups co-existing and foraging together has been 
observed (Sinclair 1985). This has been shown to improve early predator detection and 
reduce the chances of predation (Sinclair 1985).  
Fitzgibbon (1990) compared differences in anti-predator strategies employed by male and 
female Thompson‟s gazelles, and observed that males suffer higher average mortality. Four 
different behavioural responses of male and female gazelles were observed. (1) Male gazelles 
are often solitary or occur in unstable social groups, thus the benefits of group living are 
limited. (2) Within mixed-sex groups, males tend to spend more time foraging on the edges 
of groups and are therefore more susceptible to predation. (3) Fitzgibbon (1990) recorded 
lower average levels of vigilance in males, with males spending a smaller percentage of their 
time being vigilant than female gazelles and (4) male gazelles having longer delays before 
flight from a predator than female gazelles. Additionally Jackson and Skinner (1998) 
determined that territorial adult male springbok were more susceptible to predation than 
breeding groups due to their solitary nature. However, Shorrocks and Cokayne (2005) 
observed male impala maintaining higher levels of vigilance than females within groups. 
These studies illustrate that within groups of conspecifics individuals are not targeted 
uniformly by a predator, with males in a number of species being more vulnerable to 
predation than females.    
Maintaining high levels of vigilance is an expensive behavioural response to predation risk, 
as time spent vigilant is mutually exclusive of other activities such as feeding. The time spent 
vigilant therefore must be traded off against missed opportunity costs (i.e. foraging and 
mating) (Brown 1989; Fitzgibbon 1989; Turner 1997; Sundararaj et al. 2012). This was 
observed in bighorn sheep (Ovis canadensis), whose foraging efficiency decreased with 
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increased time spent vigilant (Berger 1978). In addition, Lipetz and Bekoff (1982) found that 
female pronghorn antelope (Antilocapra americana) with calves spent more time vigilant 
than non-parturient females and therefore dedicated less time to foraging. Therefore anti-
predator behavioural responses should only be exhibited when the perceived predation risk by 
an individual is high enough to warrant lower foraging efficiency and other associated missed 
opportunity costs (Brown 1989; Brown 1999; Shrader 2008a,b; Sundararaj et al. 2012). It can 
therefore be assumed that these behavioural responses to predation risk will cease or decline 
when the risk of predation is removed (Tambling et al. 2012).  
The majority of studies investigating the stratification of foraging heights by ungulates have 
focused on resource partitioning as a means of reducing inter and intra-specific competition 
(du Toit 1990; Young & Isbell 1991; du Toit 1995; Wilson 2001). However, in response to 
predation risk ungulates should forage at heights that confer the greatest advantage in terms 
of reducing predation risk through predator detection while still obtaining sufficient forage to 
meet daily energetic requirements (Brown et al. 1999). Thus, ungulates should feed at heights 
that maximize fitness when under predation risk.   
Samara provides a suitable model to test the impact that cheetah presence has on the 
allocation of time to different activities, particularly investment of time to anti-predator 
behavioural responses.  To test whether the absence of a predator reduces the time allocated 
to anti-predator behavioural responses, vigilance levels, foraging efficiency, group sizes and 
foraging heights were determined for ungulate species within the eastern and western fenced 
sections of Samara.  
It was postulated that different ungulate species would respond differently to the presence of 
cheetah reflected by the time spent pursuing an activity, these differences reflecting the 
vulnerability of prey species to cheetah predation. It was predicted that the absence of 
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cheetah from the western fenced section would be reflected in lower vigilance levels, smaller 
group sizes, and increased time spent foraging, this being most strongly expressed in the 
smaller species that are preferred by cheetah (Hayward et al. 2006; Clements 2012).  
3.2) Methods 
3.2.1) Observational sampling 
To investigate how the presence of cheetah drives prey species behavioural responses, the 
time spent pursuing activities by kudu, red hartebeest, gemsbok and plains zebra within the 
eastern fenced and western fenced sections were monitored over 20 min periods. The scan 
sampling technique (Altman 1974) was used to record the activity of individuals within a 
group for each of the four species every minute. Observations were made with the aid of a 
spotting scope (Yukon 100x100 magnification) and binoculars (Bushnell 50x8 
magnification). Scan sampling is a technique used to record an individual‟s current activity at 
set intervals of time (Altman 1974). Scan sampling allows an observer to collect data from a 
large group of individuals by observing the state of each individual at a selected moment in 
time. This measure allows an almost simultaneous recording of time spent performing 
activities for all individuals within a group (Altman 1974). Activities were categorised into 
time spent: 
 Vigilant- the focal animal is attentive and orientated towards a specific direction with 
head held above shoulder height (Sundararaj et al. 2012), 
 Foraging- the focal animal is either grazing or browsing or searching for potential 
forage, 
 Roaming- the animal is walking or running,  
 Grooming- the animal is attempting to remove parasites from its body, 
47 
 
 Other- the focal animal is engaged in social interactions, territorial marking, 
 Unknown- animals were hidden behind bushes and therefore their activity could not 
be discerned at a point in time.   
Groups were monitored in the early morning (06:00 to 08:30) and late afternoon (16:30 to 
18:30), when animals are most active (van Cauter 2004). Activity patterns were determined 
for four ungulate species namely, kudu, gemsbok, plains zebra and red hartebeest. These four 
species are represented in both sections of the reserve and their behaviour could therefore be 
directly compared. The total animal minutes recorded for each species were 300 and 880 for 
kudu, 180 and 380 for gemsbok, 840 and 240 for plains zebra and 220 and 360 for red 
hartebeest within the eastern and western sections, respectively.  
In addition, foraging heights and group sizes were recorded (du Toit 1990; Tambling et al. 
2012). Feeding heights along a vertical gradient were categorized according to body size 
(Wilson 2001). Feeding heights were classed into ground level, carpus to shoulder, shoulder 
to head and head-extended categories.  
Group sizes were defined based on descriptions from Skinner & Chimimba (2005), kudu, 
gemsbok, plains zebra and red hartebeest all maintain relatively small group sizes ranging 
from 3 to 20 individuals (Skinner & Chimimba 2005). Group sizes were categorized into 
small (1-5 individuals), intermediate (6-10 individuals) and large (10 + individuals). As the 
study was conducted during the breeding season (September to December) for most ungulate 
species (Skinner & Chimimba 2005), data were collected for breeding groups. 
Data was partially collected using ad libitum sampling, based on the availability of ungulates 
for observation and dependent on the distribution of ungulate species across the landscape 
(Altmann 1974). The observation of ungulates from a vehicle was not viable as individuals 
either moved away from or watched the observer. Therefore, behavioural observations 
48 
 
occurred by monitoring individuals from vantage points (hilltops and ridges) that afforded the 
observer a clear view of the surrounding area while remaining inconspicuous to the animals. 
A total of six observer points were established, 3 in each section of the reserve, observational 
sampling was rotated between these points on a weekly basis to limit pseudo-replication 
through monitoring the same groups of individuals over a continuous basis.    
3.3) Statistical Analysis 
3.3.1) Observational sampling 
To compare the proportion of time ungulate species spent pursuing activities between the 
eastern and western fenced sections, a General Linear Model (GLM) for proportional data 
was performed for kudu, red hartebeest, gemsbok and plains zebra. A GLM with quasi-
binomial distribution based on proportional data was used. Owing to the potential problems 
associated with over dispersion when n > 1, a binomial model was rejected (Zuur et al. 2009). 
Before the GLM was conducted for each ungulate species, a test was run that calculates 
variance inflation factors to determine if colinearity between variables existed (Zuur et al. 
2009). Variables exhibiting colinearity in excess of ± 0.6 (Pearson‟s coefficient) were 
removed from the GLM (Zuur et al. 2009), using correlation coefficient tables (Allison & 
Cicchetti 1976). The quasi-binomial model incorporates a free dispersion parameter, to 
counteract the problem of over dispersion (Faraway 2006). F-tests were conducted to 
compare models. Least significant variables were removed from the model using sequential 
backward elimination to produce a best fit model (Zuur et al. 2009) .  
To determine if a group size effect exists, breeding herd group size classes were compared 
using a Welch two sample t test which controls for homogeneity of variance (Quinn & 
Keough 2002) and is robust against assumptions of normality below a kurtosis of two (Lix et 
49 
 
al. 1996; Tambling 2010). In addition, the relationship between the time allocated to 
activities relative to group size was compared between the eastern and western sections for 
kudu, red hartebeest, gemsbok and plains zebra. Due to small sample sizes, only small groups 
(0-5 individuals) were compared for red hartebeest, gemsbok and plains zebra between 
sections. Data were analysed using a GLM with quasi-binomial distribution (see above; Zuur 
et al. 2009). Model estimate values + SE have been abbreviated to ESE. Ungulate foraging 
heights were compared using a Chi-square test to determine if differences between ungulate 
species foraging heights exist between the eastern and western section. A GLM with quasi-
binomial distributions were run to determine which foraging heights differed for species 
across the eastern and western sections. In line with the observational sampling and group 
size analyses, a quasi-binomial distribution was used to control for problems associated with 
over dispersion (Zuur et al. 2009). 
3.4) Results 
3.4.1) Behavioural responses of ungulates 
Adequate data sets for kudu, red hartebeest, gemsbok and plains zebra were collected and are 
presented here but not for the other species. The data of mean proportion time springbok, 
blesbok, eland and black wildebeest spent pursuing activities within the eastern section are 
presented in Appendix 2, and are not further discussed here. 
Red hartebeest, gemsbok and plain‟s zebra showed no significant difference in time spent 
pursuing activities between treatments (Table 3.1; Fig 3.1). In contrast, kudu spent 
proportionally more time vigilant and dedicated less time to foraging within the eastern 
fenced section (Table 3.1; Fig 3.1).  
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Table 3.1. Results of the quasi-binomial GLM for the proportion of time spent pursuing 
activities comparing between eastern and western fenced sections for kudu, red hartebeest, 
gemsbok and plains zebra.  
 
Species Variable Model Estimate Std. Error z-score p-value
Kudu Intercept 2.916 2.586 1.128 0.282
Foraging 42.174 20.014 2.107 0.047
Vigilant -67.579 30.039 -2.250 0.044
Grooming -34.851 19.535 -1.784 0.099
Red hartebeest Intercept 4.594 5.458 0.842 0.418
Foraging -8.631 8.297 -1.040 0.321
Vigilant -7.552 7.444 -1.014 0.332
Roaming 0.916 9.384 0.098 0.924
Gemsbok Intercept -3.052 6.859 -0.445 0.667
Foraging 6.145 8.743 0.703 0.500
Vigilant -24.482 16.637 -1.472 0.175
Roaming 19.873 18.341 1.084 0.307
Plains zebra Intercept 8.303 4.956 1.675 0.094
Vigilant -9.199 5.216 -1.765 0.078
Roaming -18.324 16.029 -1.143 0.253
Grooming -56.049 37.133 -1.509 0.131
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Fig 3.1 Mean proportion time within the eastern (white bars) and western (grey bars) sections a) kudu, b) red hartebeest, c) gemsbok and d) 
plains zebra allocated to different activities. Bars represent Standard Error. * denotes where significant differences exist between treatments.  
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3.4.2) Group size effect 
There was no difference in mean breeding group size between the eastern and western fenced 
sections for kudu (t = 2.01, d.f. = 5, P = 0.39) and gemsbok (t = 2.13, d.f. = 4, P = 0.34: Fig 
3.2). Red hartebeest maintained larger group sizes within the predator-free section (t = 1.94, 
d.f. = 6, P = 0.016). Plains zebra increased group size within the predator present section (t = 
1.89, d.f. = 7, P = 0.011; Fig 3.2). 
 
 
Fig 3.2. Mean group sizes recorded between predator present (P) and predator absent (NP) 
sections for kudu, red hartebeest, gemsbok and plains zebra. Bars represent Standard Error. * 
represents significant differences (P < 0.05). 
 
Although mean group size did not differ for kudu between sections, small and intermediate 
groups within sections as well as within these group sizes across sections spent different 
amounts of time foraging and vigilant.  Small groups of kudu spent proportionally more time 
vigilant within the eastern section (42%) than the western section (12%) of Samara (ESE = -
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1.15 ± 0.21, t = -5.53, P ≤ 0.001; Fig 3.3). Intermediate-sized groups of kudu maintained 
similar levels of vigilance between sections (ESE = -0.29 ± 0.29, t = -0.99, P = 0.32; Fig 3.3).  
 
  
Fig 3.3. Mean proportion of time small (1-5 individuals) and intermediate (6-10 
individuals) kudu groups spent foraging and vigilant within the eastern (white bars) and 
western (grey bars) sections. Bars represent Standard Error. * denotes where significant 
differences exist (P < 0.05)   
There was no observed shift in the time dedicated to activities between eastern and western 
sections for red hartebeest, gemsbok and plains zebra small group sizes (Fig 3.4 a,b,c) 
Overall, these species dedicated more time to foraging than the maintenance of vigilance 
behaviour (Fig 3.4 a,b,c). Between the eastern and western sections, red hartebeest spent 54% 
and 52% of recorded time foraging and 17% and 13% of recorded time vigilant, respectively. 
Gemsbok spent 53% and 49% of recorded time foraging, and dedicated only 15% and 29% of 
recorded time to vigilance between the eastern and western sections, respectively. Plains 
zebra were observed dedicating 53% and 31% of time to foraging effort and 38% of time to 
vigilance within the eastern and western sections, respectively.  
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3.4.3) Foraging heights 
Significant differences in head position reflecting different feeding heights between eastern 
and western fenced sections was observed for kudu (χ2 = 8.59, df = 3, P < 0.05) and gemsbok 
(χ2 = 7.96, df = 2, P < 0.05; Fig 3.5, 3.6).  Red hartebeest (χ2 = 4.00, df = 2, P> 0.05) and 
plains zebra (χ2 = 5.17, df = 2, P > 0.05) showed no significant difference in feeding height 
between eastern and western sections (Fig 3.5, 3.6).  
Kudu spend proportionally more time foraging at ground level within the western section 
(70.1%) compared to the eastern section (45.3%) of Samara (ESE = -0.88 ± 0.18, t = -4.96, 
P≤ 0.001; Fig 3.5). Similarly, gemsbok spent proportionally more time foraging at ground 
level within the western section (75.9%) compared to the eastern section (35.1%; ESE = 0.92 
± 0.18, t = 4.98, P ≤ 0.001; Fig 3.5).  
The proportion of time ungulate species spent with heads in a vigilant position while foraging 
(shoulder to head level) was significantly higher within the eastern section compared to the 
western section for kudu (ESE = 0.54 ± 0.17, t = 3.09, P = 0.002) and gemsbok (ESE = -0.62 
± 0.21, t = -3.02, P = 0.003; Fig 3.6). Within the eastern and western sections, kudu spent 
26.3 and 15.6% of observed time respectively maintaining a vigilant head position, whilst, 
gemsbok spent 55.2 and 17.1% of observed time maintaining a vigilant head position while 
foraging, respectively (Fig 3.6). 
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Fig 3.4. Mean proportion time within the eastern (white bars) and western (grey bars) fenced sections small groups (1-5 individuals) of a) red 
hartebeest, b) gemsbok and c) plains zebra allocated to foraging and vigilant behaviour. Bars represent Standard Error. * denotes where 
significant differences exist (P < 0.05). 
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Fig 3.5. Comparison of the mean proportion of time ungulates spent foraging at ground level 
between the eastern (white bars) and western (grey bars) sections for kudu, red hartebeest, 
gemsbok, and plains zebra. Bars represent Standard Error. * denotes where significant 
differences exist (P < 0.05) between treatments. 
 
 
Fig 3.6. Comparison of the mean proportion of time ungulates spent foraging at shoulder to 
head level between the eastern (white bars) and western (grey bars) sections for kudu, red 
hartebeest, gemsbok, and plains zebra. Bars represent Standard Error. * denotes where 
significant differences exist (P < 0.05) between treatments. 
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3.4) Discussion 
In the absence of predation risk, ungulate species should maintain lower levels of vigilance 
and pursue other activities such as foraging (Laundrè et al. 2001, 2010; Tambling et al. 2012; 
Tuft et al. 2011). Therefore, this should hold for ungulate species within the predator-free 
section of Samara. Of the four species for which adequate data were collected here, this 
prediction was found to be true for only one species, kudu. In contrast, red hartebeest, plains 
zebra and gemsbok did not conform to this prediction. Therefore, although studies have 
illustrated that the loss of adaptive anti-predator behavioural responses in the absence of a 
predator can occur over relatively short periods of time (Berger et al. 1999; Tambling et al. 
2012), this is not the case in the western section of Samara. Alternatively, the anti-predator 
responses adopted by these ungulate species within the eastern section may be limited.  
A possible reason for this involves the concept of social monitoring. In both the presence and 
absence of predation, social monitoring allows con-specifics to gain valuable information 
with regard to resource distribution and movement of potential mates and rivals within 
groups (Fourie 2012). In particular, males within a species may invest more time in social 
monitoring than females as males compete with each other for mates (Cameron & du Toit 
2005; Fourie 2012). Therefore, what is perceived as vigilance behaviour may in fact reflect 
social monitoring where individuals monitor each other‟s behaviour to capitalize on high 
quality patches, maximize foraging efficiency and monitor potentially competing males 
(Cameron & du Toit 2005). Furthermore, competition between individuals for food may 
reflect a producer-scrounger interaction where individuals continually monitor con-specifics 
to maximize on the location of high quality food patches (Vickery et al. 1991). 
While kudu maintain relatively high levels of vigilance within the western section, they 
dedicate even more time to being vigilant within the eastern section. This indicates that kudu 
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within the eastern section have responded to increased perceived predation risk from cheetah 
by increasing time spent vigilant, which has subsequently led to a trade-off of lower foraging 
efficiency (Brown 1988; Brown 1999; van der Merwe & Brown 2008). In comparison, 
gemsbok, red hartebeest and plains zebra maintained similar levels of vigilance which 
indicates a small adaptive response to the presence of cheetah. This observation is supported 
by previous studies that have shown that cheetah generally avoid gemsbok, red hartebeest and 
plains zebra as potential prey species (Hayward & Kerley 2005; Hayward et al. 2006).  
Hayward et al. (2006) investigated the prey preferences of cheetah from 21 studies and found 
that although kudu fall outside the preferred prey class size range, they are more 
preferentially hunted than gemsbok, red hartebeest and plains zebra. Clements (2012) showed 
that kudu juveniles are preferentially killed by cheetah, with adult kudu taken relative to their 
availability by cheetah male coalitions. In addition, Hayward et al. (2006) determined that 
kudu were killed in accordance with their overall abundance. This was substantiated by 
Bissett (2004) who recorded cheetah opportunistically killing kudu in Kwandwe Private 
Game Reserve in relation to their overall abundance. As kudu are the most abundant ungulate 
on Samara (Chapter 1), and constitute 63% of recorded cheetah kills there (Clements 2012) 
this then offers a possible explanation for the observed differences in time dedicated to the 
pursuit of activities between the four species. Thus kudu maintain higher levels of vigilance 
to reduce predation. 
No difference in mean group size was observed for kudu comparing between the eastern and 
western fenced sections. This indicates that predation risk from cheetah has not driven the 
formation of larger group size as has been classically shown in a number of studies (Lima 
1988; Childress & Lung 2003; Tambling et al. 2012). Despite this, differences in the time 
spent vigilant were observed both between small and intermediate kudu groups within 
sections and within both these categories across sections. Small kudu herds dedicated more 
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time to vigilance within the eastern section relative to small herds within the western section. 
This indicates that in the presence of cheetah, smaller groups of kudu have a higher perceived 
predation risk (Lima 1995; Childress & Lung 2003). However, intermediate-sized kudu 
groups spent proportionally less time vigilant within the predator section, maintaining similar 
levels of vigilance observed in intermediate sized groups within the predator-free section. 
The relaxation of vigilance with increasing group size has been shown in a number of studies 
(Fitzgibbon 1989; Lima 1990, 1993; Roberts 1996; Li et al. 2009). 
Red hartebeest and plains zebra maintained relatively small group sizes across both the 
eastern and western sections. Red hartebeest, gemsbok and plains zebra occurred only in 
small groups in both sections and dedicated proportionally the same time to foraging as well 
as maintaining similar levels of vigilance. A possible explanation for this observation is that, 
increased group sizes, particularly in arid environments where high quality resource 
distributions are patchy and ephemeral can potentially lead to scramble competition for 
resources between conspecifics (Beauchamp & Ruxton 2003; Li et al. 2009; Fourie 2012).  
Therefore, in low predation risk landscapes, smaller group sizes will be advantageous in 
reducing intraspecific competition for resources (Molvar & Bowyer 1994; Kie 1999; 
Chapman & Chapman 2000; Gillespie & Chapman 2001). Kudu maintained relatively small 
group sizes both in eastern and western section (Fig 3.2) and this may reflect their life history 
strategy (Owen-Smith 1988; Henley 2001). Kudu breeding herds consist of small, stable, 
social group of females and juveniles, while males occur singularly or in unstable bachelor 
herds (Owen-Smith 1988). Kudu predominantly occupy thicket habitats and utilise dense 
vegetation to forage and remain cryptic to predators. Thus large group sizes would detract 
from the ability of individuals to remain hidden (Jarman 1974; Henley 2001). Large group 
sizes are generally associated with open habitats where prey are more visible to predators and 
therefore benefit from increased group sizes (many eyes hypothesis) (Li et al. 2009). For 
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example, Tambling et al. (2012) showed that buffalo herds aggregated with other herds and 
shifted habitats from denser vegetation to utilising more open areas subsequent to lion 
reintroduction in Addo Elephant National Park. In addition, Caraco (1980) found that 
grouping behaviour in ungulates generally increased with distance away from cover. Reid 
(2005) determined that springbok grouping behaviour was related to habitat structure, with 
larger group sizes maintained in open areas where the line of sight increases and predators are 
more easily detected thereby reducing the chance of being ambushed.  
Although gemsbok did not allocate more time to vigilance within the eastern section, as 
found for kudu, the proportion of time spent foraging at ground level was significantly 
different between sections, for both species. This illustrates that although a shift in activity 
patterns was not observed for gemsbok, the presence of cheetah on the landscape resulted in a 
shift to a less risky foraging height. Similarly, kudu foraged at an increased browsing height 
which ostensibly maximises early predator detection and increases their line of sight to 
survey their surroundings for potential predation risk (du Toit 1990; Wilson 2001). While this 
shift in foraging height may be partially explained by differences in resource availability, this 
is unlikely as the study was conducted within a single season and therefore the availability of 
resources likely remained constant across the landscape (Thaker et al. 2011). In addition, 
both kudu and gemsbok maintained small group sizes which would reduce the likelihood of 
intra-specific competition between individuals for resources (Kie 1999). Therefore, 
differences in foraging height likely reflect an increase in perceived predation risk from 
cheetah.                 
3.5) Conclusion 
The behavioural responses of ungulates within Samara may reflect a combination of factors 
depending on whether ungulate species perceive cheetah to be a potential threat or not. While 
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it was predicted that ungulate species would respond to the risk of cheetah predation through 
an increase in time spent vigilant this was only observed for kudu. Gembok, red hartebeest 
and plains zebra did not shift activity patterns towards an increase in vigilance behaviour as 
expected. This observation implies that cheetah present a low predation risk to larger 
ungulate species such as gemsbok, red hartebeest and plains zebra. This study confirms that 
the different ungulate species respond differently to the presence of a predator. Differences in 
the time kudu spent vigilant were reflected within different group sizes. Small kudu groups 
dedicated significantly more time to vigilant behaviour within the predator section and this 
was reflected within observed feeding heights as kudu spent less time feeding at low browse 
heights and instead foraged at a browse height that conferred the greatest advantage in terms 
of predator detection, thereby reducing the risk of predation. 
 
 
 
 
 
 
 
 
 
 
62 
 
Chapter 4 
Behavioural responses of ungulates to a predator cue 
 
4.1) Introduction 
The ability of animals to make trade-offs between pursuing activities that maximise fitness 
and weighing up potential predation risks associated with those activities is well documented 
(Brown 1988; Lima 1998; Lima & Bednekoff 1999). The trade-offs made by prey species to 
avoid predation reflect the spatial and temporal differentiation of predation risk and have 
been observed to drive shifts in habitat use (Lima & Dill 1990; Kotler et al. 1993; Schmitz et 
al. 1997; Brown 1999; Emerson & Brown 2012), group sizes (Fitzgibbon 1993; Tambling et 
al. 2012) and vigilance behaviour (Lima & Dill 1990; Hunter 1998).  
For example, Ferguson et al. (1998) showed that a resident population of caribou (Rangifer 
tarandus) on Pic Island situated within Lake Superior sacrifice high energy intake diets for 
reduced predation risk from wolves (Canis lupus). Ferguson et al. (1998) found that while 
foraging patches on the mainland provided caribou with a higher quality diet, the threat of 
wolf predation resulted in a trade-off whereby caribou selected the island as a spatial refuge. 
Following lion reintroduction into Addo Elephant National Park, South Africa, buffalo herds 
merged to form larger groups as a means of reducing predation risk (Tambling et al. 2012). In 
addition buffalo were observed shifting habitat use to more open areas affording greater 
predator detection. Fischoff et al. (2007) showed that in response to lion, plains zebra shifted 
habitat use, frequently alternating between open grassland and woodland habitats, depending 
on the time of day as a means of reducing predation risk through minimizing encounter rates 
with lion. 
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These observations shed light on the nature of prey responses in a variety of systems and 
improve our understanding of potential ecological consequences of predation (Lima 1998; 
Lima & Bednekoff 1999). The classical theory investigating predator-prey dynamics has 
focused primarily on lethal (direct) interactions (Lima 1998, Creel & Christianson 2008; 
Cromsigt et al. 2013). However, non-lethal (indirect) predation interactions can have 
profound effects on prey species reflected in physiological and energetic costs associated 
with high perceived predation risk (Creel & Christianson 2008). In response to predation risk, 
behavioural responses including spatial and temporal adjustments in space use and activity 
patterns are made by species through the adoption of anti-predator defence mechanisms 
(Fischoff et al. 2007; Lung & Childress 2007, Valeix et al. 2009).  
The ability of animals to respond to temporal changes in predation risk has been observed to 
occur quickly (Abramsky 1984; Lima & Bedkenoff 1998). Temporal variation in predation 
risk can range from lunar cycles (Kotler et al. 1994) to daily and even hourly differences 
(Lima & Bedkenoff 1998; Roth & Lima 2007). For example, when predation risk is constant 
across the landscape, prey species should maintain a baseline level of vigilance. However, 
when predation risk fluctuates across a temporal scale, increased investment in anti-predator 
behavioural strategies should reflect periods of high predation risk (Lima & Bednekoff 1999). 
For certain animal species, high perceived predation risk may occur over long time scales and 
therefore individuals will be forced to forage during these high risk periods to meet energy 
demands (Lima & Bedkenoff 1998). 
Owing to the fact that predation risk fluctuates across space and time (Brown 1988, Hochman 
& Kotler 2007, Tuft et al. 2011), prey species should maintain a constant level of vigilance to 
counter potential predation (Childress & Lung 2003; van der Meer et al. 2012). As such, 
vigilance monitoring is a key measure of perceived predation risk.  
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While an increase in time spent vigilant has an obvious associated cost in terms of lowering 
foraging effort (Brown 1999), additional factors influencing time allocation to foraging 
include, how obvious the predation risk is, when last an individual was exposed to a predator 
and the need for a forager to obtain food (Brown 1999). Therefore, animals are less likely to 
spend time foraging in high risk areas (Brown 1988; Brown 1999; Kotler et al. 1999; 
Childress & Lung 2007). As such, one method to estimate perceived predation risk is through 
the monitoring of patch use and the behaviour of animals therein (Brown 1999).  
While behavioural responses of prey to predation risk have been monitored in a number of 
landscape scale observational studies (Tambling et al. 2012; van der Meer et al. 2012), the 
direct manipulation of natural patches conferring predator presence via playbacks, scat and/or 
urine has been identified as providing an effective framework to monitor the fine scale 
behavioural responses of prey species across space and over short intervals in time. 
(Biedenweg et al. 2011; van der Meer et al. 2012). The use of olfactory predator cues to 
simulate predator presence and monitor prey species behavioural responses has been used 
predominantly in aquatic systems, particularly in the study of invertebrates (Thomas et al. 
2008) and fish (Martin et al. 2010). More recently, the use of predator cues to monitor 
behavioural responses of mammal species has become increasingly popular (Shrader et al. 
2008a; Nersesian et al. 2012). 
A predator cue on the landscape potentially acts as an early warning system allowing prey 
species to gauge the imminence of a predation event in space and time (Belton et al. 2007).  
Many prey species derive potential predation threat perceptions from scent cues left by 
predators (Thorson et al. 1998; Parsons & Blumstein 2010; Nersesian et al. 2012). The 
response of prey species to predator olfactory cues within the environment has been 
documented in a number of different studies (Shrader et al. 2008a; Parsons & Blumstein 
2010; van der Meer et al. 2012).  
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Many large carnivore species use scent marking to define territories and this allows prey 
species to gauge the risk, as the cues‟ persistence within the landscape varies spatially and 
temporally (Thorson et al. 1998; Nersesian et al. 2012). While many studies have determined 
perceived predation risk by measuring foraging intensity within patches (Brown 1988; Kotler 
et al. 1991; Shrader et al. 2008a), few studies have quantified behavioural responses of prey 
species responding to a predator cue within patches (Nersesian et al. 2012). Quantifying 
behavioural responses such as proportion time spent foraging versus time spent vigilant are 
important indicators of perceived predation risk within patches (Reid 2005; Nersesian et al. 
2012) and facilitate a more comprehensive understanding of individual perceived predation 
risk not detected through simply measuring foraging intensity and patch use (Nersesian et al. 
2012).  
A number of studies have investigated prey species responses to predator cues within patches. 
For example, Nersesian et al. (2012) demonstrated that brush tail possums respond to 
predator cues by altering their foraging behaviour. Schmidt (2006) observed reduced foraging 
effort by white-footed mice (Peromyscus leucopus) within manipulated patches. Shrader et 
al. (2008a) determined that domestic goats (Capra aegagrus hircus) responded to caracal 
(Caracal caracal) cues through increased avoidance and lower foraging effort within patches 
that they associated with higher predation risk. In a study by Parsons and Blumstein (2010) 
the manipulation of patches through the addition of a predator cue (dingo scat, Canis lupus 
dingo) resulted in significant observed differences in feeding behaviour by Macropodids 
when compared with a control treatment.  
Belton et al. (2007) manipulated natural patches with black backed jackal (Canis mesomelas) 
scat and wildebeest dung to observe the behavioural responses of Cape ground squirrels 
(Xerus inauris). While the squirrels responded adversely to the jackal scat, no significant 
response was recorded when wildebeest dung was added to the patches. While this response 
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indicates that Cape ground squirrels respond to the predation risk associated with the predator 
cue, this aversion response declined as squirrels became habituated to the predator cue in the 
absence of jackal in the area. Additionally, studies by Jedrzejewski et al. (1993) and Laska et 
al. (2005) show that the anti-predator behavioural response of a species to a predator cue is 
dependent on its frequency of occurrence within the predators‟ diet. For example, Laska et al. 
(2005) compared the responses of four mammal species to red fox (Vulpes vulpes) odour and 
determined that the degree of response was directly related to the how often the species was 
preyed upon by the predator. Alternatively, black-tailed deer (Odocoileus hemionus) have 
been observed to respond instinctively to a predator cue by increasing the time spent vigilant 
in the presence of a predator never before encountered in the wild (Muller-Schwarze 1972). 
These studies illustrate that the manipulation of patches conferring predator presence 
provides an effective and informative method of monitoring prey species behavioural 
responses to temporal and spatial differentiation of predation risk, as well as gauging the 
susceptibility of different species to a predator through monitoring activity patterns.  
It is therefore predicted that shifts in behavioural responses in response to a predator cue 
should reflect varying levels of perceived predation risk depending on the level of 
susceptibility of an ungulate species to predation risk from cheetah. Additionally, differences 
in behavioural responses will be reflected within the demographic classes of a species, as 
different age and gender classes respond differently to perceived predation risk from cheetah. 
For example, Clements (2012) determined from a multisite analysis that juvenile kudu are a 
preferred prey type of cheetah, while eland juveniles are taken relative to their availability. 
Furthermore, adult female kudu are taken relative to their abundance, while adult eland are 
avoided as potential prey due to their large body size (Clements 2012). In addition female 
ungulates with young have been observed to maintain heightened levels of vigilance as a 
means of protecting potentially naive individuals from the risk of predation (Caro et al. 1994; 
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White & Berger 2001). Therefore, these species‟, age and sex classes should exhibit varying 
responses to a predator cue which will reflect differences in perceived predation risk. 
Here I test the hypothesis that different ungulate species and demographic classes will 
respond differently to the presence of cheetah within patches due to the varying susceptibility 
to predation by cheetah.  The species-specific and demographic behavioural responses of 
ungulates to perceived predation risk from cheetah were monitored. This was achieved 
through video recording behavioural responses of ungulate species in natural patches 
manipulated with cheetah scat across both the eastern (predator treatment) and western 
fenced sections. It was predicted that kudu as a focal species and opportunistically hunted 
prey type of cheetah within Samara (constituting 62% of their diet; Clements 2012) would 
exhibit the strongest anti-predator behavioural response to the predator cue and increase time 
spent vigilant with an associated trade-off of lower foraging effort within patches. It was also 
predicted that eland would exhibit the weakest response to the predator cue and dedicate 
more time to foraging behaviour within patches due to a lower perceived predation risk from 
cheetah. Additionally, it was predicted that juveniles would elicit the strongest anti-predator 
response to the risk of cheetah predation based on their higher predation susceptibility 
(Clements 2012). 
4.2) Methods 
To monitor fine scale behavioural responses and activity patterns of different ungulate 
species to manipulated patches, 12 camera traps (2011 Bushnell Trophy Cameras) were set 
up across Samara. As Samara is divided into eastern and western fenced sections which are 
roughly equal in size, 6 camera traps were deployed in each section. Cameras were set up 
between September and December 2011 and between March and April 2012. A total of 24 
sites were monitored over the sampling session, these sites were divided into two sets of 
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patch locations (location 1 and 2; Fig 4.1.). The 12 camera traps were rotated between 
patches at location 1 and location 2 on two week basis (Fig 4.1). In addition, within each set 
of patch locations (6 spots in each section), a control patch was established by not adding a 
predator cue to a patch thereby creating a cue absent treatment, and these control patches 
were rotated within each set of patch locations on a weekly basis. Therefore, each set of patch 
locations comprised 5 patches manipulated with a predator cue as a proxy for cheetah 
proximity and 1 patch that functioned as a control treatment. Cameras were set up in areas 
frequented by ungulates and placed along game trails and paths leading to waterholes (Jenks 
et al. 2012). The non-random deployment of camera traps was necessary as ungulate species 
occur intermittently across the landscape and range between habitats (with the exception of 
black wildebeest and blesbok).  
In addition, patches were in sites that afforded an open area of at least 20 m surrounding the 
camera trap. This was to ensure that a clear unobstructed view of videoed individuals could 
be obtained. Cameras were checked weekly to collect the recorded data and ensure the 
cameras were operational. Camera traps were placed at a height of approximately 1.6 metres 
to ensure that the field of view of the camera extended from ground level to over three 
metres. Patches where cameras were located were manipulated by adding a single cheetah 
faecal sample within a 20 by 20 cm open tray at the base of the tree supporting the camera 
trap, trays were placed at the base of the camera trap to standardize for all patches across 
sites. Approximately 500 g of cheetah scat was added to each tray and placed within the 
patch and this was replaced weekly to maintain a similar cue within the patch. Cheetah scats 
were collected from a male cheetah housed in a boma on the reserve. The male was fed a 
range of different ungulate species.  
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Figure 4.1. The location of camera traps situated within manipulated patches across both 
eastern and western fenced sections of Samara Private Game Reserve. Camera traps were 
rotated between location 1 and location 2 across both sections on a two week basis. The black 
line represents the predator fenced section. 
Video recordings were analysed by playing them back on a video monitor. I used the focal 
sampling technique (Altmann 1974) to monitor the behaviour of single individuals within 
videoed groups for set periods of time. For each video recording, I monitored the behavioural 
responses of a selected individual for a minimum of 15 seconds and a maximum of 5 
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minutes. Individuals were selected based on their visibility in relation to the field of view of 
each camera. Only individuals whose activities were clearly discernible were recorded. For 
each individual, its age and sex were recorded. Age and sex were categorized into adult male, 
adult female, subadult males, subadult females and juveniles. For each focal animal, the 
duration of different activities pursued was recorded.  
Activities were divided into four defined categories: 
 Vigilant behaviour- the focal animal is attentive and orientated towards a specific 
direction with head held above shoulder height (Sundararaj et al. 2012), 
 Foraging- the focal animal is either grazing or browsing or searching for potential 
forage, 
 Grooming- the animal is attempting to remove parasites from its body (Reid 2005), 
 Social Interactions- conspecifics interacting within a group (i.e. males rutting). 
In addition to monitoring activity patterns, body signal responses (Griffin et al. 2000) to 
manipulated patches were also recorded and these included; 
 Nostril flaring- pertaining to vigilant behaviour (Klopfer 1974), 
 Ear flicks/rotation- indicating agitation associated with vigilant behaviour (Stuart and 
Stuart 2007). 
The proportion of time spent in each activity was calculated. The mean proportion of time 
allocated to activities as well as body signal responses (rate per second) were compared 
between ungulate species and as well as different species demographic classes using a mixed 
effect general linear model (GLMM). 
The activity response model produced focused on vigilant behaviour and foraging effort as 
important drivers determining individual fitness. Vigilance has been recognised as the 
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primary adaptive response to predation risk (Sundararaj et al. 2012), and this in turn impacts 
on ungulate foraging strategies resulting in a trade-off between maximising energy gain 
through optimal foraging while minimizing predation risk through increased vigilant 
behaviour (Kotler et al. 2010). Thus, although grooming behaviour and social interactions 
between conspecifics were monitored for different ungulate species, these response variables 
were not incorporated in the results, but are presented in the Appendix 3 (Table 1, 2, 3). 
Behavioural responses of ungulates were also compared between different demographic 
classes for an ungulate species across both eastern and western sections. Owing to small 
sample sizes only kudu and eland data were incorporated into the GLMM model. Due to 
small sample size, eland behavioural responses to the predator cue were only compared for 
the eastern fenced section. The mean proportion time allocated to activities was determined 
for adult female, subadult male, subadult female and juvenile age and sex classes for these 
two species. Age and gender classification was based on descriptions from Stuart and Stuart 
(2007) (Table 4.1). 
Table 4.1. Age and sex categorisation for kudu and eland population demographics based on 
morphological characteristics, derived from descriptions from Stuart and Stuart (2007).  
  Sex Age 
  Male Female Adult Subadult Juvenile 
Kudu horns no horns 4+ 1 – 4 0 –1 
Eland thick horns with prominent ridge narrower horns 4+ 1 – 4 0 –1 
      
4.3) Statistical analysis 
To avoid problems of pseudo-replication, only independent video capture events that showed 
recognisable individuals were used in the analysis (Tobler et al. 2008). Video capture data 
were discarded from the dataset if the observer could not discern whether or not the 
behavioural responses of an individual had already been analysed. Therefore if an individual 
being monitored within a group left the field of view, the monitoring of that individual ceased 
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and any individuals entering the field of view after that point were excluded from the 
analysis.  
To determine if differences in behavioural responses exist within ungulate species, as well as 
between species‟ demographic classes, a generalised linear mixed effects model (GLMM) 
with binomial errors was used (Zuur et al. 2009). This was based on binomial response 
variables and an avoidance of pseudo-replication (monitoring behavioural responses of the 
same groups of individuals on a continuous basis) by adding camera trap position as a 
random effect (Hillborn et al. 2012). This allowed for variability in the number of camera 
trap recording events captured across the reserve to be controlled for (Hillborn et al. 2012). It 
is important to note that the location of camera traps across the landscape had no significant 
effect on the response variables monitored across treatments. Due to the nature of the data it 
was not possible to meet the assumptions of a parametric test and therefore a mixed effect 
general linear model was used. 
The mean proportion of time allocated to activity types were modelled as a function of: 
(Proportion of time foraging, vigilant, grooming and socially interacting) = ungulate species 
(kudu, eland, gemsbok and waterbuck) + section (eastern or western) + predator cue (yes or 
no) + camera trap location (random effect).  
Owing to small sample sizes obtained from the other four species, only kudu body signal 
responses to the predator cue were analysed. Kudu body signal responses to the predator cue 
were quantified based on observed nostril flaring and ear flicking. Nostril flaring and ear 
flicks were compared between demographic classes using a generalized liner model (GLM) 
with quasi-binomial errors (Zuur et al. 2009). Prior to analysis, nostril flaring and ear flicking 
count data were standardized by converting nostril flaring and ear flicking to a rate per 
second.  
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For each GLMM and GLM model variance inflation factors were calculated to determine if 
co-linearity between variables existed. Variables that exhibited co-linearity in excess of ± 0.6 
were removed from the analysis to obtain the best fit model (Zuur et al. 2009). All analyses 
were performed in R 2.15 (R Core Development Team 2011) using the Imer function located 
within the Ime4 package (Bates et al. 2011). Data are reported as the mean proportion time ± 
SE different ungulate species and demographic classes spent pursuing different activities. 
4.4) Results 
The four ungulate species that provided large enough sample sizes to include in the analysis 
were eland, gemsbok, kudu and waterbuck. A total of 800 video records were collected from 
the camera traps over the sampling period for these species. Capture event data omitted from 
the analysis reflects small sample sizes for some ungulate species (steenbok, grey duiker and 
springbok).  
4.4.1) Species level responses 
Kudu activity patterns responded to the presence of cheetah on the landscape (Table 4.2), 
kudu within the predator-free section dedicated proportionally more time to foraging (74 ± 
5%) and less time to vigilance (21 ± 4.1%) than conspecifics within the cheetah present 
section (50 ± 5% and 44 ± 4.9% respectively; Fig 4.2). In contrast, gemsbok, waterbuck 
maintained similar activity patterns between sections and therefore did not respond to the 
presence of cheetah on the landscape (Table 4.2; Fig 4.4; 4.5). Although eland within the 
western section exhibited higher levels of vigilance than conspecifics within the eastern 
section, this is likely an artefact of small sample size (Fig 4.3).  
In response to the predator cue all four species exhibited a strong response with a significant 
shift in activity patterns within patches (p < 0.05; Table 4.2). Kudu increased the time spent 
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vigilant within patches in both the predator (44 ± 4% to 81 ± 4%) and predator-free section 
(21 ± 4% to 48 ± 5.6%; Z = 3.27, n = 202, P = 0.001). This increase in vigilance resulted in a 
trade-off of lower foraging effort within patches across both sections (Z = -3.39, n = 202, P < 
0.001; Fig 4.2).  Kudu foraging effort declined from 50 ± 7% to 19 ± 3.7% time spent 
foraging in patches in the predator section and from 79 ± 5 % to 52 ± 4% in the predator-free 
section (Fig 4.2).  
In response to the predator cue the proportion of time dedicated to foraging declined for eland 
(92 ± 4% to 76 ± 3.7%; Fig 4.3), gemsbok (76 ± 24% to 62.5 ± 11%; Fig 4.4) and waterbuck 
(77 ± 22% to 63.9 ± 11%; Fig 4.5) within the predator section. The mean proportion time 
spent vigilant increased for eland and waterbuck in both eastern and western sections (Fig 
4.3; 4.5). The mean proportion time spent vigilant increased from 22 ± 0.9% to 35.1 ± 0.8% 
in the predator section and from 5.7 ± 0.3% to 37 ± 19% in the predator free section for 
waterbuck (Z = 12.36, n = 28, P < 0.001). Eland increased time spent vigilant from 6 ± 0.4 % 
to 17 ± 0.3 % in the predator section and from 11 ± 10 % to 32 ± 15 % in the predator free 
section (Z = 12.71, n = 131, P < 0.001). There was no significant difference in the time 
gemsbok spent vigilant within patches across both predator and predator-free sections (Z = -
0.77, n = 32, P = 0.44; Fig 4.4). 
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Table 4.2. GLMM comparing the mean proportion time ungulate species allocated to 
activities within patches across eastern and western fenced sections as well as comparing 
between predator cue and no predator cue treatments within patches.   
 
 
 
Fig 4.2. Mean proportion time kudu dedicated to foraging and vigilance within patches 
manipulated with a predator cue (Cue Present) compared to a no cue (Cue Absent) treatment 
comparing between predator (P) and no predator (NP) sections.  
Species Model Fixed effect Estimate SE Z P
Kudu Foraging Intercept -0.116 0.355 -0.328 0.743
No Predator 1.391 0.156 8.876 <0.001
Predator cue present -1.839 0.137 -13.453 <0.001
Vigilance Intercept -1.080 0.359 -0.302 0.763
No Predator -1.573 0.156 -10.094 <0.001
Predator cue present 1.660 0.137 12.085 <0.001
Gemsbok Foraging Intercept -0.422 3.403 -0.124 0.901
No Predator -0.430 3.693 -0.116 0.907
Predator cue present 1.385 0.296 4.678 <0.001
Vigilance Intercept -1.262 1.281 -0.985 0.325
No Predator -0.793 0.505 -1.571 0.116
Predator cue present -0.056 0.073 -0.772 0.440
Waterbuck Foraging Intercept 6.658 2.249 2.961 0.003
No Predator -2.717 2.365 -1.149 0.251
Predator cue present -5.773 1.554 -3.714 <0.001
Vigilance Intercept -5.378 0.276 -19.490 <0.001
No Predator -0.283 1.198 -0.236 0.813
Predator cue present 3.272 0.265 12.360 <0.001
Eland Foraging Intercept 0.018 1.473 0.012 0.990
No Predator 5.327 2.817 1.891 0.059
Predator cue present -1.464 0.087 -16.885 <0.001
Vigilance Intercept -0.884 0.919 -0.962 0.336
No Predator -4.178 1.819 -2.298 0.022
Predator cue present 1.373 0.108 12.709 <0.001
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Fig 4.3. Mean proportion time eland dedicated to foraging and vigilance within patches 
manipulated with a predator cue (Cue Present) compared to a no cue (Cue Absent) treatment 
comparing between predator (P) and no predator (NP) sections.  
 
 
 
Fig 4.4. Mean proportion time gemsbok dedicated to foraging and vigilance within patches 
manipulated with a predator cue (Cue Present) compared to a no cue (Cue Absent) treatment 
comparing between predator (P) and no predator (NP) sections.  
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Fig 4.5. Mean proportion time waterbuck dedicated to foraging and vigilance within patches 
manipulated with a predator cue (Cue Present) compared to a no cue (Cue Absent) treatment 
comparing between predator (P) and no predator (NP) sections.  
 
4.4.2) Kudu and Eland demographic class responses 
Adult female, subadult female and juvenile kudu responded to the presence of cheetah on the 
landscape and shifted foraging and vigilant behaviours (Fig 4.6; Fig 4.7). Adult females spent 
proportionally more time vigilant within the predator section (29 ± 9%) than the predator-free 
section (14 ± 3%; Z = -12.37, n= 125, P < 0.001). In addition, subadult females maintained 
proportionally higher levels of vigilance within the predator section (73 ± 21%) compared to 
the predator-free section (4.1 ± 4%; Z= -9.18, n=12, P < 0.001). Juveniles allocated 65.1 ± 
16% of time to vigilance in the predator section and this declined to 14 ± 16% proportion 
time within the predator-free section (Z = -14.29, n = 12, P < 0.001; Fig 4.6). The observed 
increase in vigilant behaviour by these demographic classes within the predator section 
resulted in trade-off of lower foraging effort within patches (Fig 4.7). The mean proportion 
time spent foraging declined from 84.4 ± 3% to 63.1 ± 11% for adult females (Z = 12.04, n = 
125, P < 0.001), 95.8 ± 4% to 29 ± 14% for subadult females (Z  = 9.18, n = 12, P < 0.001) 
0
0.2
0.4
0.6
0.8
1
1.2
P NP P NP
Cue Absent Cue Present
M
e
a
n
 p
ro
p
o
rt
io
n
 o
f 
ti
m
e
 s
p
e
n
t 
p
e
rs
u
in
g
 a
c
ti
v
it
ie
s
 
Treatment 
Foraging
Vigilant
78 
 
and 85 ± 13% to 44 ± 22% for juveniles (Z = -1.94, n = 12, P = 0.047). Adult males and 
subadult males did not respond to cheetah presence by adjusting vigilance or foraging 
between sections (Figs 4.6; 4.7).   
In response to the predator cue, adult females, adult males and subadult female kudu spent 
more time vigilant within patches and dedicated less time to foraging (Fig 4.6). In the 
presence of the predator cue the mean proportion time spent vigilant within patches increased 
from 29.2 ± 9 to 91 ± 2% for adult females in the predator section and from 14 ± 3% to 57.3 
± 6% in the predator-free section (Z = 7.62, n = 125, P < 0.001). Adult males increased time 
spent vigilant from 40 ± 9 to 51 ± 9% in the predator section and from 25 ± 10 to 37 ± 14% in 
the predator-free section (Z = 4.63, n = 37, P < 0.001). Subadult females increased time spent 
vigilant from 73 ± 21 to 87 ± 12% in the predator section and from 4.2 ± 4 to 66 ± 10% in the 
predator-free section (Z = 2.04, n = 12, P = 0.043; Fig 4.6). Juvenile kudu did not increase the 
proportion time spent vigilant in the presence of the predator cue within the predator section 
(Z = 0.40, n = 12, P = 0.24). The strong vigilant response observed for adult female, adult 
male and subadult female kudu resulted in an associated cost for lower foraging effort (Fig 
4.7). Mean proportion time allocated to foraging declined from 63 ± 11 to 7.1 ± 2% for adult 
females in the predator section and from 84.4 ± 3 to 40 ± 6.6% in the predator-free section (Z 
= -8.13, n = 125, P < 0.001). Time spent foraging declined from 60 ± 11 to 40 ± 13% in the 
predator section and from 60 ± 8 to 57 ± 14% in the predator-free section for adult males (Z = 
-3.77, n = 37, P < 0.001). In the presence of the predator cue, time spent foraging declined 
from  and 28.5 ± 14 to 12.6 ± 7% in the predator section and from 95.8 ± 4 to 33 ± 11% in the 
predator-free section for subadult females (Z = -2.04, n = 12, P = 0.043; Fig 4.7).  
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Fig 4.6. Mean proportion of time kudu demographic classes dedicated to vigilant behaviour 
comparing cue absent and cue present treatments between predator (P) and non-predator (NP) 
sections. Bars represent Standard Error.   
 
Fig 4.7. Mean proportion of time kudu demographic classes dedicated to foraging behaviour 
comparing cue absent and cue present treatments between predator (P) and non-predator (NP) 
sections. Bars represent Standard Error.   
Adult male, adult female and subadult female eland responded to the presence of cheetah 
through shifts in foraging behaviour (Fig 4.8). However, although most eland demographic 
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classes increased time spent vigilant within the predator section (with the exception of adult 
females), this was not different within age and gender classes (P > 0.05). Adult females spent 
more time foraging in the predator section (79.8 ± 3%) than the predator-free section (30 ± 
10%; Fig 4.8). In comparison, however, time spent foraging between predator-free and 
predator present section declined from 97.4 ± 2.5 to 79.8 ± 3% for adult males (Z = 2.28, n = 
23, P = 0.022), 89 ± 11 to 79.2 ± 13% for subadult females (Z = 2.81, n = 15, P = 0.005) and 
50 ± 29 to 8.8 ± 4.9% for juvenile eland (Z = 0.27, n = 38, P = 0.784; Fig 4.8).   
In response to the predator cue within the eastern fenced section, all eland demographics 
classes spent less time foraging within patches, although only adult male (Z = -8.88, n = 23, P 
< 0.001), subadult females (Z = -5.18, n = 15, P < 0.001) and juveniles (Z = -15.59, n = 38, P 
< 0.001) spent significantly less time foraging in patches. The decline in foraging effort 
within patches reflected an increased investment in vigilance behaviour. In response to the 
predator cue the mean time spent vigilant within patches increased from zero to 19.9 ± 8% 
for adult males, 16.4 ± 15 to 25.6 ± 8% for subadult males, zero to 29.3 ± 23% for subadult 
females and 40.4 ± 17 to 90 ± 9% for juvenile eland. With juvenile eland exhibiting 
significantly higher levels of vigilance within patches manipulated with a predator cue (Z = 
15.56, n = 38, P < 0.001; Fig 4.9). 
 
 
 
 
 
 
 
81 
 
Fig 4.8. Mean proportion of time eland demographic classes dedicated to foraging and vigilance behaviour comparing between no predator (NP) 
(white bars) and predator (P) (grey bars) sections. * denotes significant differences between treatments within classes. Bars represent Standard 
Error.   
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4.4.3) Kudu behavioural responses 
In response to the presence of cheetah on the landscape, kudu were observed presenting 
vigilant body signals more frequently within the eastern section compared to the western 
section (Fig 4.10). There was a significant decline in both nostril flaring (Z = -2.11, n = 202, 
P = 0.036) and ear flicking (Z= -1.55, n = 202, P < 0.001) between eastern and western 
sections, respectively.  
 
Fig 4.10. Mean number of nostril flares and ear flicks per individual for kudu observed 
between eastern (white bars) and western (grey bars) fenced sections. Bars represent Standard 
Error. 
 
In response to the predator cue, adult female and juvenile kudu displayed an increase in 
vigilant behaviour through an increased display of body signals. Adult females increased 
their rate of nostril flaring from 0.002/sec to 0.14/sec in the predator section and from 
0.002/sec to 0.08/sec in the predator-free section (Z = 2.68, n = 125, P = 0.008). Juveniles (Z 
= 2.79, n = 38, P = 0.023) increased their rate of nostril flaring (rate/second) within patches 
(0.05/sec to 0.13/sec and 0.01/sec to 0.23/sec for the predator and predator-free sections, 
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respectively). In addition, adult females also spent more time flicking their ears (rate/second) 
within manipulated patches compared to control patches for both predator and predator-free 
sections (0.001/sec to 0.07/sec and 0.003/sec to 0.016/sec, respectively; Z= 3.01, n = 125, P = 
0.003).  
4.5) Discussion 
The aim of the chapter was to measure shifts in ungulate species activity patterns and fine 
scale behavioural responses within manipulated natural patches, there are however limitations 
that must be noted. Firstly, a more comprehensive representation of the ungulate community 
would have strengthened the results obtained by incorporating smaller ungulate species such 
as steenbok and grey duiker. Small sample sizes from the camera trap data reflecting low 
densities on the reserve resulted in them being omitted from the analysis. Secondly, the 
incorporation of a neutral cue within patches such as herbivore dung would have added 
clarity in distinguishing between instinctive behavioural responses to a novel cue and 
adaptive behavioural responses maintained in the ungulate community (Parsons & Blumstein 
2010). Despite these limitations, however, this study illustrates the importance of monitoring 
prey species behavioural responses at finer scales (Boyce 2006; Tambling 2010) and that 
within small fenced reserves differences in patch use by ungulate species may provide a more 
comprehensive view of predator impacts on prey communities.  
4.5.1) Species level responses 
Within Samara, of the species for which it was possible to collect comparable data, only kudu 
responded to the presence of cheetah on the landscape, shifting activity patterns and 
increasing the proportion of time spent vigilant within patches. However, the presence of a 
predator cue as a proxy for cheetah proximity had a significant effect on the behavioural 
responses of the four species observed. At a species level, clear differences in the proportion 
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of time dedicated to vigilance were observed, most notably for kudu which maintained high 
levels of vigilance both in response to the presence of cheetah and in response to the predator 
cue. This in turn had an associated compromise on their foraging effort within patches (Lima 
& Dill 1990; Brown 1998; Hochman & Kotler 2007). This behavioural response at a patch 
scale reflects high levels of perceived predation risk associated with cheetah presence and 
proximity and therefore indicates that kudu perceive cheetah to be a serious potential threat 
and make behavioural adjustments to counteract this. Therefore, temporal and spatial 
differentiation of predation risk has driven a shift in kudu behavioural responses within 
patches. While this observation contradicts the predictions that kudu are not expected to 
respond to cheetah made by other studies (Mills et al. 2004; Hayward & Kerley 2005; 
Hayward et al. 2006) possible explanations for why kudu exhibit high perceived predation 
risk within patches are discussed below.  
This observation is in part due to the absence of superior competitors within Samara which 
allows cheetah to expand their prey base and kill larger ungulates without the fear of 
kleptoparasitism (see Radloff & du Toit 2004). For example, Schaller (1972) and McVittie 
(1979) observed that in the absence of superior competitors (lion and hyena) cheetah targeted 
larger ungulate species with a reduced chance of a kill being stolen.  Additionally, Bissett 
(2004) determined that within Kwandwe Private Game Reserve, kudu formed 42.9% of the 
cheetah diet and were taken relative to their overall abundance. Within Samara, kudu are the 
most abundant ungulate species (Table 1.2; Chapter one) and therefore potentially targeted 
opportunistically on the landscape by cheetah. Kudu comprise 63% of all recorded cheetah 
kills in Samara (Clements 2012) and as such perceive a high risk of predation and therefore 
maintain high levels of vigilance.  
Eland elicited the weakest response to the presence of cheetah and spent proportionally more 
time foraging within the predator section than the predator-free section and this observation 
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relates to it generally being avoided by cheetah as a potential prey species (Hayward & 
Kerley 2005; Hayward et al. 2006; Owen-Smith & Mills 2008). These findings are consistent 
with the hypothesis that behavioural responses to predation risk are asymmetrical across 
species, with weaker responses in prey with lower perceived predation risks.   
In contrast to prediction, eland exhibited a strong vigilant response to the predator cue within 
patches. This observed vigilant response may relate to high perceived predation risk by eland 
juveniles in response to the proximity of cheetah. In a multisite analysis across southern 
Africa, Clements (2012) determined that juvenile eland were killed relative to their overall 
abundance by cheetah male coalitions. The susceptibility of juvenile eland to cheetah 
predation may have evoked an anti-predator behavioural response in adult and subadult eland 
as a means of protecting potentially naive individuals within the group (Hunter & Skinner 
1998; Walker et al. 2006). A number of studies have documented that females with juveniles 
maintain high levels of vigilance as means of protecting potentially naive individuals (Lipetz 
& Bekoff 1982; Hunter & Skinner 1998). These observations may provide a possible 
explanation for observed eland vigilance levels within patches in response to the predator 
cue.  
Eland dedicated more time to vigilance within the predator-free section. As has been pointed 
out in a number of studies (Underwood 1982; Scheel 1993) while ungulate species not 
susceptible to predation employ no other anti-predator behavioural strategies they are still 
observed to be vigilant (Hunter & Skinner 1998). According to Hunter and Skinner (1998) 
even ungulates living in low risk environments maintain a baseline level of vigilance as an 
innate response to the potential risk of predation. Additionally, eland may exhibit higher 
levels of vigilance within patches in the western section as a means of social monitoring. For 
example, Underwood (1982) determined that scanning rates observed in impala groups within 
low risk environments were driven by a need to maintain social cohesion rather than as an 
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anti-predator defence mechanism. This has been substantiated by Cameron and du Toit 
(2005) who showed that giraffe modified vigilance behaviour as a means of social monitoring 
with conspecifics maintaining high levels of vigilance to obtain information on resource 
distribution and the position of individuals within a group. While these may be contributing 
factors to observed eland vigilance levels within the western section, this pattern may also be 
an artefact of small sample sizes for eland within the western section.  
Gemsbok and waterbuck did not respond to the presence of cheetah through increased 
allocation of time to vigilance behaviour. This observation confirms findings by Hayward et 
al. (2006) and Owen-Smith and Mills (2008) that cheetah avoided gemsbok and waterbuck as 
potential prey species. However, in the presence of the predator cue, waterbuck elicited a 
vigilant response within patches. Although waterbuck are generally avoided as prey by 
cheetah, differences in prey preference and avoidance by cheetah exist within different 
ungulate demographic classes as illustrated by Clements (2012). For example, Clements 
(2012) showed that waterbuck juveniles are preferred prey of cheetah male coalitions and 
solitary males. Additionally, adult waterbuck females and males are taken relative to their 
availability on the landscape by male coalitions (Clements 2012). Therefore although cheetah 
presence may not induce a high level of perceived predation risk by waterbuck within the 
predator section, the proximity of cheetah resulted in a heightened perception of predation 
risk within patches and subsequently driven a shift in waterbuck behavioural responses (Caro 
1994).  
An additional factor that may explain why gemsbok maintained similar levels of vigilance 
between the eastern and western sections as well as exhibiting a weak response to the 
predator cue may pertain to the absence of sexual dimorphism in gemsbok (Robinson & 
Kruuk 2007; Stankowich & Caro 2009). Stankowich and Caro (2009) suggested that the 
evolution of horns in female ungulates was driven by selective pressure from predation risk. 
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Therefore female gemsbok are ostensibly better able to defend young from predation and 
therefore potentially perceive a lower risk of predation from cheetah. In contrast, in 
dimorphic species such as kudu and waterbuck, females are more susceptible to predation as 
they have no means of defending themselves through aggressive interaction with a predator 
(Stankowich & Caro 2009) and therefore rely on a range of other anti-predator behavioural 
strategies such as remaining hidden (Henley 2001), using crypsis (Jarman 1974), relying on 
early detection of predators by utilising open habitats (Reid 2005) and maintaining higher 
levels of vigilance (Lima 1998). 
As has been shown in a number of studies, manipulating patches with a predator cue to 
monitor prey species behavioural responses can induce an innate anti-predator behavioural 
response (Mȕller-Schwarze 1972; Swihart et al. 1991). For example, Mȕller-Schwarze 
(1972) showed that black-tailed deer responded instinctively to a predator cue on the 
landscape by adopting an anti-predator behavioural strategy without having come into contact 
with the actual predator. Such innate responses have been recorded for a number of prey 
species, for example, Roeder and Treat (1961) observed noctuid (Noctuidae sp) moths 
responding to bat calls by exhibiting an anti-predator behaviour at first exposure to the 
predator. Therefore, although eland and waterbuck responded weakly to the presence of 
cheetah on the landscape, the proximity of cheetah indicated by the predator cue may have 
elicited a strong innate anti-predator behavioural response by these two species. This then in 
turn had an associated trade-off for lower foraging effort within patches (Lima & Dill 1990 
4.5.2) Kudu and Eland demographic class responses 
A range of studies have shown that cheetah preferentially hunt specific prey species age and 
sex classes (Mills 1996; Farhadinia et al. 2012). For example, adult male Thompson‟s gazelle 
in the Serengeti are preferentially hunted over females (Fitzgibbon 1990), this has also been 
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observed for male impala in Kruger National Park (Mills et al. 2004) and male springbok in 
the Kalahari (Mills 1984). Pettifer (1981) observed cheetah preferentially hunting springbok 
adult females and juveniles and avoiding adult males. Hunter (1998) showed that within 
Phinda Resource Reserve, cheetah preferentially hunted juveniles, particularly juveniles of 
large ungulate species. Clements (2012) showed that across a range of sites cheetah hunted 
different kudu demographic classes in relation to how preferred or avoided they were, with 
juvenile kudu preferred by all cheetah social groups, while adult kudu were taken relative to 
their availability by solitary cheetah and preferentially taken by male coalitions.  
While kudu constitute the greatest proportion of cheetah kills on Samara (Clements 2012), 
not all age and sex classes are targeted equally. There are in fact large discrepancies between 
age and sex classes targeted by cheetah and these are reflected in the activity patterns and 
behavioural responses of these different demographic classes within patches. For example 
Bissett (2007) found that while kudu constituted the greatest proportion of cheetah diet, kudu 
sex and age classes killed by cheetah varied depending on differing cheetah social group 
structures. Overall, though Bissett (2007) recorded that kudu juveniles and adult females 
were killed more frequently than subadults. Within Kwandwe Private Game Reserve, Bissett 
(2007) determined that single female cheetah utilised thicket habitat to stalk and ambush 
kudu and of these kudu killed, 93% were juveniles. Similarly, large areas of Samara are 
comprised of dense thicket vegetation (Chapter One) and therefore it is likely that cheetah 
utilise these habitats to stalk and ambush adult females and juveniles. While Bissett (2007) 
noted that subadult kudu formed a smaller portion of cheetah diet than adults and juveniles, 
findings from my study indicate that based on the high levels of observed vigilance and 
subsequent trade-off of lower foraging efficiency, subadult females have a high perceived 
predation risk within patches.  
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 In the case of eland, however, adults and subadults maintained relatively low levels of 
vigilance within patches and spent proportionally more time foraging, which indicates a low 
perceived predation risk from cheetah. This finding relates to the fact that adult and subadult 
eland have large body sizes and are generally avoided by cheetah. Clements (2012) found 
that adult eland are avoided by solitary and coalition cheetah. In addition, because eland 
females bear horns, they are able to defend themselves from predators (Stankowich & Caro 
2009) and therefore predation risk is reduced. Juvenile eland in comparison, maintained 
higher levels of vigilance within patches which in turn had an associated cost on foraging 
behaviour resulting in lower foraging effort within patches. As an average juvenile eland 
weighs approximately 152 kg (Lindsey et al. 2011) which is a similar weight to an adult kudu 
female (Stuart & Stuart 2007), they are susceptible to predation from cheetah particularly 
cheetah male coalitions. Bissett (2007) found that cheetah killed subadult and juvenile eland 
within Kwandwe Private Game Reserve. In the absence of kleptoparasitism cheetah may 
target eland juveniles and subadults more readily as the risk of having kills stolen is greatly 
reduced when superior competitors are absent (McVittie 1979; Bissett 2007). This finding is 
substantiated by McVittie (1979) who showed that free ranging cheetah in Namibia killed 
larger prey than conspecifics living within closed full predator guild systems in South Africa.  
The time eland allocated to vigilant behaviour within the predator-free section may be driven 
by a combination of factors including the fact that the eland population is comparatively 
small in relation to the eland population in the predator present section (Table 1.2; Chapter 
1). Therefore eland group sizes in the western section were observed to be comparatively 
smaller (anecdotal observations in the course of this study), and as such a group size effect 
can be observed with lower group vigilance and subsequently an increase in individual 
vigilance (Fitzgibbon 1989; 1993). Social monitoring may also contribute to these observed 
levels of vigilance (Cameron & du Toit 2005; Fourie 2012). Additionally, increased vigilance 
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may be driven by competitive effects, with individuals monitoring conspecifics to obtain 
information on resource distribution, particularly in arid areas where access to good quality 
food patches are limited (Brown et al. 1999).  Conversely, eland within the eastern section 
are commonly found in large groups, comprising a few dominant males, many females and 
within the breeding season, a nursery group of juveniles (anecdotal observation in the course 
of this study). Larger group sizes confer advantages such as lowering predation risk (Hunter 
& Skinner 1998; Rubenstein 2001), through an increase in group vigilance (Fitzgibbon 1990) 
and a dilution effect reducing individual predation risk (Cresswell 1994).  
4.5.3) Kudu behavioural responses 
The adoption of fine scale anti-predator behavioural responses in the presence of a predator 
has been observed for a number of different ungulate species (Caro et al. 2004). For example, 
snorting behaviour in white-tailed deer (LaGory 1987) and Thompson‟s gazelle (Hasson 
1991) was used to alert predators that they had been observed. Alternatively, snorting 
behaviour has been ascribed to warn conspecifics of an approaching predator, as was found 
for hippopotamus (Hippopotamus amphibious) (Stuart & Stuart 2007). In addition, whistling 
has been observed as an anti-predator behavioural response either warning conspecifics (Caro 
1994) or warning predators that they have been spotted (Tilson and Norton 1981). A number 
of animal behavioural responses to external stimuli invoke an innate behavioural response 
stemming from an innate releasing mechanism (IRM) located in the central nervous system 
(Kopfer 1974). As such, kudu displayed innate fine scale behavioural responses to the 
predator cue through nostril flaring and ear flicking. Kudu utilised nostril flaring and ear 
flicking body signals more frequently within the predator section. The rate of nostril flaring 
and ear flicking was significantly higher within the section containing the cheetah population. 
Within kudu demographic classes, adult females and juvenile kudu were observed to have the 
91 
 
highest rate of nostril flaring and ear flicking within patches in both predator and predator-
free sections.  
Interestingly, kudu individuals within the predator-free section are not naive. Considering 
that cheetah had been extirpated from the Eastern Cape in 1888 (Skead 2007) and therefore 
kudu living within the predator-free section have not been exposed to cheetah for over 100 
years, they still exhibited a strong vigilant response in the presence of the cue. While, this 
response was stronger in kudu within the predator section, it still resulted in a trade-off for 
lower foraging effort by individuals in the predator-free section (Fig 4.10). In a predator-free 
environment prey species lose adaptive anti-predator behaviours and become essentially 
predator naive over long time periods (Berger et al. 1999; Blumstein et al. 2006). This has 
not occurred within the predator-free section of Samara. This may be attributed to the fact 
that the loss of anti-predator behaviour is not guaranteed in the absence of a predator 
(Blumstein et al. 2000; 2006). Individuals may maintain a baseline level of vigilance which 
becomes heightened in the presence of a predator, additionally, temporal variation of 
perceived predation risk may extend over long time periods and therefore the observed loss of 
previously adaptive behavioural responses may only be measured over an evolutionary time 
scale (Hunter & Skinner 1998; Lima & Bednekoff 1999; Tambling et al. 2012). 
4.6) Conclusions 
 The results from this chapter indicate that at a patch level within Samara, the presence of 
cheetah on the landscape drives shifts in kudu behavioural responses reflected in increased 
vigilance and reduced foraging effort within patches. Although only kudu responded to 
cheetah presence, the other four species responded to cheetah proximity adopting anti-
predator behaviours to minimize the risk of predation. The degree of response however, 
differed for different ungulates species as well as within demographic classes. These 
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observations reflect an asymmetrical response by different prey species and support the 
hypothesis that different species respond differently to the presence of a predator and 
particularly that predator-prey interactions at finer scales such as patch level provide 
important information on the nature of predator-prey interactions and highlight the need to 
direct research efforts towards a more integrated approach monitoring predator-prey 
interactions over a range of temporal and spatial scales. 
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Chapter 5 
General Discussion 
 
This study set about addressing current questions on the effects of predators on landscape use 
and on the behaviour of prey. The study specifically investigated the effect of cheetah on the 
habitat use and behavioural responses of the resident ungulate community within Samara. 
This was addressed through; 
1) Determining whether shifts in habitat use by ungulate species have occurred since cheetah 
reintroduction in 2003, and whether ungulate species utilise similar habitats between the 
eastern (cheetah present) and western fenced sections of the reserve (Chapter 2), 
2) Monitoring landscape scale behavioural responses of different ungulate species to 
determine if the proportion of time allocated to different activities differed between the 
eastern and western sections (Chapter 3), 
3) Investigating prey species behavioural responses to patches manipulated with a predator 
cue to monitor shifts in individual fine-scale behavioural responses compared between 
ungulate populations situated within the eastern and western sections (Chapter 4). 
It is important that the findings from this study should be interpreted considering a number of 
specific limitations pertaining to the data collected and the study design used. 
5.1) Study limitations 
While comparing between patterns of habitat use by ungulate species in 2003 and 2011 in 
Chapter 2, seasonality and vegetation density were controlled for in order to determine if 
ungulate species have shifted habitat use subsequent to cheetah reintroduction. A potential 
94 
 
confounding factor that could not be controlled for was differences in rainfall patterns 
between 2003 (243.2 mm.
-a
)
 
and 2011 (492.6 mm
-a
), which potentially altered resource 
distribution and may have influenced habitat use and behaviour by the ungulate species.        
A small sample size for a number of ungulate species has been the most persistent limitation 
to this study. More specifically, small ungulate species such as common duiker and steenbok 
were under represented in all aspects of this study. This limits the conclusions that can be 
drawn regarding the impacts of cheetah predation on smaller ungulate species. These smaller 
species are potentially vulnerable to cheetah (Hayward et al. 2006). Therefore, an improved 
representation of smaller ungulate species would have strengthened the findings of this study 
and provided a more comprehensive view of differences in species level responses to cheetah 
predation.  
A comparative approach to determining impacts of cheetah predation on ungulate species 
within a community required an adequate representation of ungulate species across both the 
western and eastern sections of Samara. The data collected in Chapter 3 and 4 reflect the 
under representation of certain ungulate species such as springbok, blesbok and black 
wildebeest, which while sufficiently represented in the eastern section were absent or poorly 
represented in the western section. As such these species had to be omitted from the analyses. 
A more comprehensive representation of ungulate species would have strengthened the 
results obtained. 
Given the opportunity presented by Samara as a study site (low numbers of small species and 
an uneven distribution of species across treatments) it was not possible to deal with these 
constraints in this study. These should be addressed in future studies, by repeating this study 
across a number of different sites where predators have been reintroduced. 
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Despite these limitations, this study provided important insights into the impacts that cheetah 
reintroduction had on the resident ungulate community within Samara. These findings help to 
elucidate the importance of predator reintroductions in providing an effective platform for 
testing predator-prey theory. In addition, this study provides important lessons on how to take 
research forward in this field. Particularly, the use of camera traps to monitor prey species 
behaviour provides an effective and innovative technique for quantifying prey species‟ 
behavioural responses to perceived predation risk within patches and provided a strong 
contribution to this study.       
5.2) Predator reintroductions 
Predator reintroductions are increasing in areas where they have previously been extirpated 
(Hayward 2009). This is particularly true for South Africa, where the emergence of 
ecotourism enterprises have facilitated the development of small enclosed reserves where 
large carnivore species have been reintroduced after long periods of absence (Bothma at al. 
2008; Tambling et al. 2010). The impact that these reintroductions have on indigenous prey 
species is largely unknown, specifically, on how a predator reintroduction drives shifts in 
ungulate species habitat use and behavioural responses. In the absence of predation, animals 
are believed to be naive in their ability to respond appropriately to the presence of a predator 
(Kauffman 2007) and subsequently, the reintroduction of a predator into that system will 
result in a rapid decline in prey population numbers (Berger et al. 2001). In light of the fact 
that these predator reintroductions are increasing the need to understand the mechanisms 
driving predator-prey interactions has become increasingly more important in order to predict 
the outcomes of these reintroductions on prey populations (Kauffman 2007). These 
reintroductions also provide an opportunity to explore further predator-prey interactions 
(Hayward et al. 2007).   
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A number of studies investigated the implications of predator reintroduction in a variety of 
different systems (Ripple & Larson 2000; Ripple & Beschta 2003; Hayward & Kerley 2005; 
Hayward et al. 2007). However, few studies have investigated how prey species respond to 
predator reintroductions at a range of spatial and temporal scales. This issue of spatial scale is 
becoming increasingly important in the study of predator-prey interactions (Boyce 2006; 
Tambling 2010). Assessing prey species responses across multiple scales allows for a more 
comprehensive understanding of the consequences of predator reintroductions. A broad scale 
focus potentially masks fine scale behavioural responses of prey species to predation risk. 
Thus, investigating prey species responses at finer scales may reveal important mechanisms 
allowing predator-prey co-existence (Tambling 2010). According to Tambling and du Toit 
(2005), the emergence of ecotourism has resulted in an increase in the number of reserves 
across South Africa. However, these reserves tend to be small in size. As such, the impact 
that a predator has on prey species becomes increasingly important as the ability of a prey 
species to shift space use becomes constrained within these small reserves. In addition, the 
impact of predation is likely greater within small reserves as prey populations tend to be 
smaller in size and therefore more susceptible to population collapse (Kauffman 2007). 
Therefore investigating finer scale behavioural responses of prey may provide a more 
valuable tool to understanding predator-prey interactions within these systems. As such an 
important contribution of this study was that it investigated the effect of cheetah 
reintroduction on the resident prey community within Samara through monitoring 
behavioural responses of ungulate species across multiple scales, thereby, improving our 
understanding of predator-prey interactions within small reserves.  
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5.3) Habitat use by ungulate species 
Ungulate species within Samara showed clear preference and avoidance patterns of habitat 
use (Chapter 2). These patterns of habitat use have remained largely unchanged since the 
reintroduction of cheetah into the eastern fenced section of the reserve. Where shifts in 
habitat use were observed for red hartebeest and gemsbok since cheetah reintroduction 
(between 2003 and 2011) and for plains zebra and eland between eastern and western fenced 
sections in 2011, the drivers of these shifts are likely due to a combination of factors. For 
example, shifts in habitat use may reflect species-level responses to resource distribution, 
autoecological factors, inter-specific and intra-specific competition and predation risk 
(Sinclair 1985; Rubenstein 1989) and therefore predation risk may not represent the primary 
driver of shifting habitat use by these species (Bowyer et al. 1998). While kudu and smaller 
ungulate species that are opportunistically and preferentially targeted by cheetah, respectively 
(Clements 2012), did not shift habitat use subsequent to cheetah reintroduction, this 
potentially relates to constraints driven by life history strategies for different ungulate 
species. For example, ungulate species‟ such as duiker use camouflage to avoid detection by 
predators, and therefore rely on dense vegetation for concealment. This anti-predator strategy 
has also been observed for bongo (Tragelaphus eurycerus) and okapi (Okapia johnstoni) 
(Stankowich & Caro 2009; McPherson & Chenoweth 2012). This has also been shown for 
kudu, which rely on dense vegetation for crypsis (Jarman 1974), predator avoidance (Henley 
2001), as well as suitable browse (Wilson 2001) and are therefore restricted in their capacity 
to move into open habitats. This trade-off of obtaining suitable forage while minimizing 
predation risk through the selection of lower risk habitats has been illustrated in a number of 
studies (Sih 1992; Bowyer et al. 1998; Kie 1999; McShea et al. 2001; Lingle 2002). 
However, this relationship is not always evident, as habitat selection may occur across 
multiple scales (spatial and temporal), with the need to reduce predation risk while meeting 
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energetic requirements reflected at microsite or patch levels (McShea et al. 2001). It is 
possible that life history constraints such as the need to acquire suitable forage (Bowyer et al. 
1999), coupled with morphological adaptations to specific habitats (Jarman 1974) may have 
outweighed the risk of predation by cheetah at a habitat scale. Therefore, although the 
majority of ungulate species did not shift habitat use due to predation risk from cheetah 
within Samara, shifts in ungulate species behavioural responses provided a means of 
investigating the effects of cheetah reintroduction on ungulate prey species populations. This 
illustrates that within small fenced reserves, prey species are limited in their ability to shift 
habitat use and instead employ a range of behavioural responses to minimize predation risk 
within habitats.  
5.4) Landscape scale behavioural responses of ungulates species 
Shifts in prey behaviour are driven primarily by the presence and abundance of predators 
(Tambling et al. 2012) and competition for limiting resources (Sinclair 1985; Thaker et al. 
2011). The absence of predators from a prey system should result in a lower investment of 
time towards anti-predator defence strategies (Kavaliers 1990; Berger 1999; Blumstein & 
Daniel 2005; Tambling et al. 2012). Berger (1999) showed that the extirpation of grizzly 
bears (Ursus arctos) and wolves in large parts of north America resulted in a loss of anti-
predator behaviour by moose, which elicited a weak response to a simulated predator in areas 
where predators had been absent for only 40 years. Blumstein and Daniels (2005) found that 
marsupials isolated on islands off the coast of Australia lost certain anti-predator behaviours 
in the absence of predation over relatively short periods of time. These studies illustrate that 
in the absence of predation risk, animals dedicate more time to foraging (Catterall et al. 1992) 
and less time to vigilance (Hunter & Skinner 1998).  
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In line with this, it was predicted that ungulate species within the predator-free section of 
Samara would dedicate less time to vigilance behaviour and increase time spent pursuing 
other activities such as foraging. This was found to be true for kudu. Kudu dedicated more 
time to vigilant behaviour and less time to foraging within the cheetah section. This 
observation indicates that kudu maintain higher levels of vigilance within the predator section 
as a mechanism to reduce predation risk from cheetah. This observation seemingly 
contradicts predictions made by Hayward and Kerley (2005), Hayward et al. (2006) and 
Owen-Smith and Mills (2008) based on predicted prey preference indices developed for a 
range of predator species. These authors did not consider kudu to be effectively preyed upon 
by cheetah. However, Bissett (2004; 2007) illustrated that kudu were taken opportunistically 
by cheetah in relation to their overall availability in Kwandwe Private Game Reserve. In 
addition Clements (2012) refined the Hayward et al. (2006) prey preference model for 
cheetah and she showed that in larger prey species such as kudu, different prey demographic 
classes are preferred or avoided by cheetah. Based on this refined model, juvenile kudu are 
preferred by cheetah while adults are taken relative to their availability (Clements 2012). 
Specifically, as cheetah are the only large resident carnivore in Samara, mesopredator release 
will enable them to kill larger ungulates such as kudu (McVittie 1979; Marker-Kraus et al. 
1996; Muntifering et al. 2005). In support of this, larger groups of kudu dedicated less time to 
vigilance than smaller groups within the predator section. This indicates that smaller groups 
of kudu have a higher perceived predation risk than larger groups and therefore dedicate more 
time to vigilance to counteract the risk of predation (Fitzgibbon 1990; 1993; Caro 1994). It 
has commonly been predicted that prey species should relax vigilance in the absence of 
predation risk (Blumstein et al. 2001). Red hartebeest, gemsbok and plains zebra did not shift 
their activity patterns between sections. This suggests that cheetah do not represent a 
substantial predation risk to these species. This is in accordance with the fact that these 
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species are not preferred prey of cheetah and comprise a small proportion of cheetah diet 
(Hayward et al. 2006; Owen-Smith & Mills 2008; Clements 2012). However, all three 
species were still observed to be vigilant across both sections. These ungulate species may 
use vigilance as a means of social monitoring, acquiring information on resource distribution, 
position of conspecifics and watching for potential rivals (Cameron & du Toit 2005; Li et al. 
2009; Fourie 2012). For example, plains zebra living in a low predation risk environment in 
Laikipia maintained vigilant behaviour due to inter-group competition for limited resources 
and therefore, observed levels of vigilance are potentially maintained due to scramble 
competition (Beauchamp & Ruxton 2003). 
5.5) Behavioural responses of ungulates to a predator cue 
The use of a predator cue to manipulate patches provided an effective method to observe 
differences in species and demographic level fine scale behavioural responses to potential 
predation risk (Shrader et al. 2008a; Biedenweg et al. 2011; van der Meer et al. 2012). In 
response to the predator cue ungulate species decreased foraging effort and increased time 
spent vigilant within patches. At a patch scale, kudu responded to cheetah presence by 
increasing vigilant behaviour and this had an associated trade-off of lower foraging effort. 
Despite a weak vigilant response to cheetah presence at a landscape scale within patches by 
gemsbok, waterbuck and eland, all species responded strongly to the predator cue. Clements 
(2012) highlighted the importance of incorporating ungulate demographic classes into 
cheetah prey preference models, in particular showing that juveniles of large prey are 
vulnerable and can be preferentially targeted by cheetah. This vulnerability of juveniles to 
predation risk is often reflected by heightened levels of vigilance observed for adult females 
with young (Lipetz & Bekoff 1982). Females with young have been shown to spend more 
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time vigilant than females without young as a means of protecting potentially predator naive 
individuals (Toїgo 1999; Hamel & Côté 2008).  
For example, Walker et al. (2006) showed that female Stone‟s sheep (Ovis dalli stonei) with 
young dedicated less time to foraging than ewes without young in response to predation risk 
from a range of predator species. Hunter and Skinner (1998) observed that female impala and 
blue wildebeest with juveniles were the most vigilant individuals within a group of 
conspecifics in Phinda Resource Reserve. Namgail (2007) showed that in response to 
predation risk from wolves, Tibetan argali (Ovis ammon hodgsoni) females with young spent 
more time vigilant and less time foraging than males. This was accredited to females 
increasing reproductive fitness through protection of their young. These studies illustrate that 
within a prey species differences in perceived predation risk are reflected within the different 
demographic classes depending on their perceived vulnerability.   
My study illustrates differences in behavioural responses observed between kudu and eland 
demographic classes in response to a predator cue. Adult females, subadult females and 
juvenile kudu experienced the highest perceived predation risk within patches, dedicating 
more time to vigilance. In comparison adult and subadult males spent less time vigilant 
within patches. All eland demographic classes increased time spent vigilant in response to the 
predator cue, however, juvenile eland spent significantly more time vigilant within patches 
when exposed to the predator cue. The observed kudu demographic responses to the predator 
cue were reinforced through the adoption of body signal responses in the form of nostril 
flaring and ear flicking which were strongest for adult female and juvenile kudu within 
patches. These findings indicate that in response to the predator cue an asymmetrical species 
response is observed, with kudu exhibiting the strongest vigilance response and adopting fine 
scale behavioural responses to reduce perceived predation risk. Importantly, different 
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ungulate age and gender classes display a varied response to the presence of a predator cue 
depending on individual perceived predation risk. 
5.7) Future research 
To further facilitate our understanding of impacts of predator reintroductions on prey species 
communities, this study needs to be replicated at a number of different sites for a number of 
different predator species across a range of systems. The replication of this study will 
enhance our predictive capabilities and develop a more generalised understanding of the 
effects of predator reintroductions on the responses of prey species. Addo Elephant National 
Park, South Africa, comprises multiple sections containing different predator species and 
prey communities and therefore may provide a suitable model system to test prey responses 
to predator reintroductions. However, this also needs to include all smaller reserves stocked 
with different predator and prey species to generate a better understanding of the range of 
factors driving prey species responses to predation risk from multiple predators.  
This study focused on prey species responses to a single dominant predator. Within 
multipredator systems, prey species are exposed to a range of predators and therefore need to 
employ a range of predator-specific anti-predator behavioural strategies (Caro 2005; 
Blumstein 2006). Thaker et al. (2011) investigated the responses of seven ungulate species 
co-existing within a multi-predator environment. Their findings showed that smaller 
ungulates (impala, kudu) avoided all areas utilised by large carnivores, while larger ungulates 
(zebra, buffalo, giraffe) only avoided areas utilised frequently by lion and leopard. Thaker et 
al. (2011) found that general predator avoidance extended to selection of habitats where the 
risk of predation was lowest, rather than avoidance of areas of predator activity. This study 
illustrates a varied prey response to predation risk from different predator species and 
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highlights the need to investigate prey species responses to the reintroduction of multiple 
predator species into reserves.  
In addition to investigating prey species responses to multiple predators, there remains the 
need to investigate whether in the absence of predators a loss in formally adaptive anti-
predator behavioural responses occurs within a prey species (Berger 1999; Rubenstein 2001). 
This has been observed to occur over relatively short time scales, for example, moose 
exhibited a weak response to a simulated predator only 40 years after predator extirpation 
(Berger 1999). However, a study by Blumstein and Daniels (2005) illustrated that while 
certain anti-predator behaviours are lost comparatively quickly in the absence of a predator, 
others are maintained for thousands of years in predator-free environments. The relaxation of 
anti-predator behaviours in the absence of predators is important as over time prey species 
will potentially shift resource use and this has potential consequences for plant communities 
maintained within reserves. This has been illustrated in a number of North American studies, 
investigating the impacts of elk on aspen (Populus tremuloides) populations in Yellowstone 
National Park (Smith et al. 1993) and the subsequent restoration of these habitats following 
wolf reintroduction (Ripple & Beschta 2003; 2007). It is important to determine how long 
after a predator has been reintroduced do prey species adopt anti-predator behaviours as this 
will be important in predicting short term impacts of predator reintroductions on prey 
populations. One method of quantifying perceived predation risk by ungulate species is to use 
GUDs, which will provide important information with regard to shifting predation risk within 
habitats as has been illustrated in a number of studies (Brown 1998; Shrader et al. 2008).    
5.7) Conclusion 
The reintroduction of cheetah into Samara provided a novel opportunity to improve our 
understanding of predator-prey dynamics. It provided the opportunity to monitor ungulate 
104 
 
species responses across a range of temporal and spatial scales, extending from a broad 
habitat scale to fine scale patch use. Prey species‟ responses to predation can be expressed 
across a range of scales. As such, this study served to add scope to and highlight the 
importance of measuring prey species behavioural responses at a variety of scales. The need 
for a multifaceted approach to measuring impacts of predation on prey populations will 
become increasingly more important with an increase in the number of predator 
reintroductions into small fenced reserves in South Africa.   
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Appendix 1: Relative ungulate densities.   
 
Table 1. Number of ungulates observed per hectare within western and eastern fenced sections across habitat types in Summer 2003 and 2011.  
Habitats
2003 2011 2003 2011 2003 2011 2003 2011 2003 2011 2003 2011 2003 2011 2003 2011 2003 2011 2003 2011 2003 2011 2003 2011
Kudu 0.73 0.79 0.00 0.00 0.16 0.12 0.49 0.30 0.00 0.44 0.00 0.00 0.09 0.03 0.00 0.00 0.03 0.05 0.44 0.38 0.04 0.02 0.04 0.05
Duiker 0.08 0.06 0.00 0.00 0.03 0.02 0.20 0.00 0.03 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.02 0.01 0.18 0.00 0.00 0.00 0.00 0.00
Steenbok 0.08 0.00 0.01 0.00 0.02 0.00 0.20 0.00 0.00 0.06 0.00 0.00 0.04 0.02 0.00 0.00 0.01 0.01 0.03 0.00 0.03 0.01 0.00 0.00
Mtn reedbuck 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.22 0.00 0.00 0.00 0.29 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.02
Springbuck 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.03 0.00 0.02 0.00
Red hartebeest 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.01 0.00 0.00 0.01 0.01 0.02 0.02
Black wildebeest 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.23 0.12 0.00 0.01 0.33 0.13 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Blesbok 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.20 0.13 0.00 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Burchell's zebra 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.01 0.03
Eland 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.03 0.00 0.00 0.37 0.77 0.00 0.00 0.00 0.08 0.00 0.00 0.00 0.06
Gemsbok 0.00 0.00 0.00 0.10 0.00 0.00 0.10 0.00 0.00 0.00 0.00 0.00 0.00 0.09 0.00 0.00 0.00 0.00 0.05 0.00 0.00 0.01 0.03 0.00
Waterbuck 0.00 0.00 0.00 0.02 0.00 0.01 0.00 0.12 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.33 0.00 0.01 0.00 0.00
Western EasternEastern Western Eastern Western EasternWestern Eastern Western Eastern Western
Doringveld Pentziaveld Spekboom thicket Temperate thicket Sweet grassland
Temperate thicket/ sweet grassland 
mosaic Valley thicket Xeric spekboomveld
122 
 
Appendix 2: Activities pursued by springbok, blesbok, eland and black wildebeest.   
 
 
 
Fig 1. The mean proportion of time springbok, blesbok, eland and black wildebeest spent a) foraging, b) vigilant, c) resting and d) roaming 
within the eastern section. Bars represent Standard Error. 
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Appendix 3: Mean proportion time ungulates spent 
grooming and socially interacting.  
 
Table 1. Generalized linear mixed effects model comparing the mean proportion time 
ungulate species spent grooming and socially interacting. Treatments include ungulate 
community response to cheetah presence (Cheetah vs. No Cheetah) and cheetah proximity 
(Predator cue absent vs. Predator cue present). 
 
 
Table 2. Generalized linear mixed effects model comparing the mean proportion time kudu 
demographic classes spent grooming and socially interacting relative to adult kudu males as a 
baseline. Treatments include kudu population responses to cheetah presence (Cheetah vs. No 
Cheetah) and cheetah proximity (Predator cue absent vs. Predator cue present). 
 
 
 
Model Fixed effect Estimate SE Z P
Grooming Intercept -3.198 0.587 -5.449 <0.001
Eland -1.313 0.217 -6.051 <0.001
Gemsbok 0.188 0.271 0.693 0.489
Kudu -1.569 0.183 -8.539 <0.001
Waterbuck -2.530 0.423 -5.969 <0.001
No Cheetah -0.021 0.871 -0.024 0.981
Predator cue present 0.525 0.146 3.609 <0.001
Social InteractionsIntercept -4.268 1.915 -2.230 0.026
Eland -7.177 0.423 -16.971 <0.001
Gemsbok -0.861 0.357 -2.411 0.016
Kudu -2.037 0.263 -7.740 <0.001
Waterbuck 2.603 0.350 7.429 <0.001
No Cheetah -3.178 2.889 -1.100 0.271
Predator cue present 1.242 0.581 2.136 0.033
Model Fixed effect Estimate SE Z P
Grooming Intercept -6.599 1.236 -5.337 <0.001
Adult Female Kudu -0.722 0.161 -4.498 <0.001
Sub-Adult Male Kudu -0.707 0.246 -2.874 0.004
Juvenile Kudu 0.279 0.296 0.942 0.346
No Cheetah 0.098 1.276 0.077 0.938
Predator cue present 3.645 0.989 3.681 <0.001
Social InteractionsIntercept -2.504 0.727 -3.442 <0.001
Adult Female Kudu -1.633 0.292 -5.591 <0.001
Juvenile Kudu 1.609 0.398 4.042 <0.001
No Cheetah -2.283 0.911 -2.505 0.012
Predator cue present -2.792 0.928 -3.008 0.002
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Table 3. Generalized linear mixed effects model comparing the mean proportion time eland 
demographic classes spent grooming relative to adult eland males as a baseline. Treatments 
include eland population responses to cheetah presence (Cheetah vs. No Cheetah) and 
cheetah proximity (Predator cue absent vs. Predator cue present). 
 
 
 
 
 
Model Fixed effect Estimate SE Z P
Grooming Intercept -4.365 0.212 -20.571 <0.001
Adult Female Eland -0.171 0.157 -1.081 0.279
Sub Adult Female Eland 1.134 0.219 5.165 <0.001
Sub Adult Male Eland 0.622 0.179 3.477 <0.001
No Cheetah 0.309 0.178 1.744 0.081
Predator cue present 0.751 0.183 4.094 <0.001
